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DescripTion 

ANTI-ANGIOGENIC COMPOSITIONS AND METHODS OF USE 

5 Technical Field 

The present invention relates generally^ to compositions and 
methods for treating cancer and other angiogenic-dependent diseases, and more 
specifically, to compositions comprising anti>angiogenic factors and polymeric 
carriers, stents which have been coated with such compositions^ as well as 
10 methods for utilizing these stents and compositions. 

Background Of The Invention 

Cancer is the second leading cause of death in the United States, 
and accounts for over one fifth of the total mortality. Briefly, cancer is 

15 charaaerized by the uncontrolled division of a population of cells which, most 
typically, leads to the formation of one or more tumors. Although cancer is 
generally more readily diagnosed than in the past, many forms, even if detected 
early, are still incurable. 

A variety of methods are presently utilized to treat cancer, 

20 including for example various surgical procedures. If treated with surgery alone, 
however, many patients (particularly those with certain types of cancer, such as 
breast, brain, colon and hepatic cancer) will experience recurrence of the 
cancer. In addition to surgery, many cancers are also treated with a 
combination of therapies involving cytotoxic chemotherapeutic drugs (e.g.\ 

25 vincristine, vinblastine, cisplatin, methotrexate, 5-FU, etc.) and/or radiation 
therapy. One difficulty with this approach, however, is that radiothcrapeutic 
and chemotherapeutic agents are toxic to normal tissues, and often create life- 
threatening side effects. In addition, these approaches often have extremely 
high failure/remission rates. 

30 In addition to surgical, chemo and radiation therapies, others have 

attempted to utilize an individual's own immune system in order to eliminate 
cancerous cells. For example, some have suggested the use of bacterial or viral 
components as adjuvants in order to stimulate the immune system to destroy 
tumor cells; (Sec generally "Principles of Cancer Biotherapy,- Oldham (ed.), 

35 Raven Press, New York, 1987.) Such agents have generally" been useful as 
^ adjuvants and as nonspecific stimulants in animal tumor models, but have not as 
of yet proved to be generally effective in humans. 
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Lympholcines have also been utUized in the treatment of cancer. 
Briefly, lymphokines are secreted by a variety of cells, and generally have an 
effect on specific cells in the generation of an immune response. Examples of 
lymphokines include Interieukins (IL)-1. -2, -3. and ^, as well as colony stimu- 
5 lating factors such as G-CSF, GM-CSF, and M-CSF. Recently, one group has 
uulized IL-2 to stimulate peripheral blood cells in order to expand and produce 
large quantities of cells which are cytotoxic to tumor cells (Rosenberg etal 
N. EngL J. Med. 323:1485-1492, 1985). 

have suggested the use of antibodies in the treatment of 
10 cancer. Briefly, antibodies may be developed which recognize certain cell 
surface antigens that are either unique, or more prevalent on cancer cells 
compared to normal cells. TTiese antibodies, or "magic bullets." mav be utilized 
either alone or conjugated with a toxin in order to spedfically target and kiU 

1. 'f^/^"""""' "^""■^^''y '^^^Py' ^"-'>/- of Cancer Biotherap^, 

15 Oldham (ed.). Raven Press. Ltd.. New York. 1987). However, one difficulty^ 
that most monoclonal antibodies are of murine origin, and thus hypersensitivity 
agamst the murine antibody may Umit its efficacy, particularly after repeated 
therapies. Common side effects include fever, sweats and cbUls, skin rashes 
arthritis, and nerve palsies. * 

^® additional difficulty of present methods is that local 

recurrence and local disease control remains a major challenge in the treatmem 
Of malignancy. In particular, a total of 630.000 patients annually (in the U S ) 
have localized disease (no evidence of distant metastatic spread) at the time of 
presentation; this represents 64% of all those patients diagnosed with 
malignancy (this does not include nonmelanoma skin cancer or cardnoina in 
suu). For the vast majority of these patients, surgical resection of the disease 
represents the greatest chance for a cure and indeed 428,000 wUI be cured after 
the imtial treatment - 428.000. Unfortunately. 202.000 (or 32% of all patients 
with localized disease) will relapse after the initial treatment Of those who 
relapse, the number who will relapse due to local recurrence of the disease 
amounts to 133,000 patients annually (or 21% of all those with localized 
disease). The number who will relapse due to distam metastases of the disease 
IS 68,000 patients annually (11% of all those with localized disease) Another 
102,139 patients annually will die as a direct result of an inability to control the 
35 local growth of the disease. umroi me 

Nowhere is this problem more evident than in breast cancer 
which affects 186,000 women annually in the U.S. and whose mortality rate has' 
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remained unchanged for 50 years. Suigical reseaion of the disease through 
radical mastectomy, modified radical masteaomy, or lumpectomy remains the 
mamstay of treatmem for this condition. Unfortunately. 39% of those treated 
with lumpectomy alone will develop a local recurrence of the disease and 
5 suipnsmgly. so wiU 25% of those in which the resection margin is found 'to be 
dear of ttimor histologically. As many as 90% of these local reciirrences will 
occur within 2 cm of the previous excision site. 

Similarly, in 1991, over 113,000 deaths and 238,600 new cases of 
liver metastasis were reported in Nonh America alone. TTie mean survival time 
10 for patients with liver metastases is only 6.6 months once liver lesions have 
.developed. Non-surgical treatment for hepatic metastases include systemic 
chemotherapy, radiation, chemoemboliration. hepatic arterial chemotherapy 
and intraarterial radiation. However, despite evidence that such treatments can' 
transiently decrease the size of the hepatic lesions (e.g., systemic chemotherapy 
15 and hepatic anerial chemotherapy initially reduces lesions in 15-20%. and 80% 
of panents. respectively), the lesions invariably reoccur. Surgical resection of 
hver metastases represents the only possibility for a cure, but such a procedure 
IS possible ,n only 5% of patients with metastases, ahd in only 15-20% of 
patients with primary hepatic cancer. ' 

One method that has been attempted for the treatment of tumors 
with hnuted success is therapeutic embolization. Briefly, blood vessels which 
nourish a tumor are deliberately blocked by injection of an embolic material 
mto the vessels. A variety of materials have been attempted in this regard 
including autologous substances such as fat, blood clot, and chopped muscle' 
fragments, as well as anificial materials such as wool, cotton, steel balls, plastic 
or glass beads, tantalum powder, silicone compounds, radioactive particles 
stenle absorbable , gelatin sponge (Sterispon, Gelfoam). oxidized cellulose' 
(Oxycel), steel coils, alcohol, lyophilized human dura mater (Lyodura) 
microfibrillar collagen (Avitene), collagen fibrils (Tachotop). polyvinyl alcohol' 
sponge (PVA; Ivalon). Barium-impregnated silicon spheres (Biss) and 
detachable balioons. The size of liver metastases may be temporarily decreased 
utilizing such methods, but tumors typically respond by causing the growth of 
new blood vessels into the tumor. 

A related problem to tumor formation is the development of 
cancerous blockages which inhibit the flow of material through body 
passageways, such as the bile ducts, trachea, esophagus, vasculature and urethra. 
One device, the stent, . has been developed in order to hold open passageways 
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which have been blocked by tumors or other substances. Representative 
examples of common stents include the Wallstent. Strecker stent, Gianturco 
stem and the Palmaz stent The major problem with stents, however, is that 
they do not prevent the ingrowth of tumor or inflammatory material through the 
5 imersticeis of the stent. If this material reaches the inside of a stent and 
compromises the stent lumen, it may result in blockage of the body passageway 
mto which it has been inserted. In addition, presence of a stent in the body may 
mduce reactive or inflammatory tissue (eg., blood vessels, fibroblasts M*ite 
blood cells) to enter the stent lumen, resulting in partial or complete closure of 
10 the stent 

The present invention provides compositions and methods 
smtable for treating cancers and other angiogenesis-dependem diseases which 
address the problems associated with the procedures discussed above, and 
further provides other related advantages. 
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Summnrv of the Tpvpppn^ 

Briefly stated, the present invention provides anti-angiogenic 
compositions, as well as methods and devices which utilize such compositions 
for the treatment of cancer and other angiogenesis-dependent diseases Within 
one aspe« of the present invention, compositions are provided (hereinafter 
referred to as "anti-angiogenic compositions-) comprising (a) an anti-angiogenic 
factor and (b) a polymeric carrier. A wide variety of molecules may be utilized 
withm the scope of U,e present invention as anti-angiogenic factors, including 
for example Anti-Invasive Factor, rerinoic adds and their derivatives, taxol 
mol analogues and taxol derivatives, and member, of the group consisting of 
Suramm. Tissue Inhibitor of Metalloproteinase-1, Tissue Inhibitor of 
Metalloproteinase-2, Plasminogen Activator Inhibitor-! and Plasminogen 
Acuvator Inhibitor-2. Similarly, a wide variety of polymeric carriers may be 
uuhzed. representative examples of which include poly(ethyIene-vinyl acetate) 
30 crosslmked with 40% vinyl acetate, poly (lactic-co-glycolic add) 
polycaprolactone polylaaic acid, copolymers of poly(ethylene-vinyl acetate) 
crosslmked with 40% vinyl acetate and -polylaaic acid, and copolymers of 
polylacnc acid and polycaprolaaone. Within one embodiment of the invention, 
the composition has an average size of 15 to 200 Aim. 

Within another aspect of the present invention methods for 
embohzing a blood vessel are provided, comprising the step of delivering into 
the vessel a therapeutically effective amount of an anti-angiogenic composition 
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(as described above), such that the blood vessel is efTectively occluded. Within 
one embodiment, the anti-angiogenic composition is dehvered to a blood vessel 
which nourishes a tumor. 

Within yet another aspect of the present invention, stents are 
5 provided comprising a generally tubular structure, the surface being coated with 
one or more anti-angiogenic compositions. Within other aspects of the present 
invention, methods are provided for expanding the lumen of a body passageway, 
comprising inserting a stent into the passageway, the stent having a generally 
tubular stnicture, the surface of the structure being coated with an anti- 
10 angiogenic composition, as described above, such that the passageway is 
expanded. Within various embodiments of the invention, methods are provided 
for eliminating biliaiy obstructions, comprising inserting a biliary stent into a 
biliaiy passageway, for eliminating urethral obstructions, comprising insertiiig a 
urethral stent into a urethra; for eliminating esophageal obstructions, 
comprising inserting an esophageal stent into an esophagus; and for eliminating 
tracheal/bronchial obstructions, comprising inserting a tracheal/bronchial stent 
into the trachea or bronchi. In each of these embodiments, the stent has a 
generally nibular struaure. the surface of which is coated with an and- 
angiogenic composition as described above. 

Within , another aspect of the present invention, methods are 
provided for treating tumor excision sites, comprising administering an anti- 
angiogenic composition as described above to the resection margins of a tumor 
subsequent to excision, such that the local recurrence of cancer and the 
formation of new blood vessels at the site is inhibited. Within yet another 
aspect of the invention, methods for treating comear neovascularization are 
provided, comprising the step of administering a therapeutically effective 
amount of an anti-angiogenic composition as described above to the cornea, 
such that the formation of blood vessels is inhibited. Within one embodiment, 
the anti-angiogenic composition further comprises a topical corticosteroid. 

Within another aspect of the present invention, methods are 
provided for inhibiting angiogenesis in patients with nonrttimorigenic. 
angiogenesis-dependent diseases, comprising administering a therapeutically 
effeaive amount of a composition comprising taxol to a patient with a non- 
lumorigenic angiogenesis-dependent disease, such that the formation of new 
35 blood vessels is inhibited. Within other aspects, methods are provided for 
embolizing blood vessels in non-tumorigenic, angiogenesis-dependent diseases 
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comprising delivering to the vessel a therapeutically effective amount of a 
composition comprising taxol. such that the blood vessel is effectively occluded. 

Within yet oUier aspects of the present invention, methods are 
provided for expanding the lumen of a body passageway, comprising inserting a 
5 stent into the passageway, the stem having a generally tubular structure, the 
surface of the structure being coated with a composition comprising taxol, such 
that die passageway is expanded, Within various embodiments of the invention, 
metiiods are provided for eliminating biliary obstruaions, comprising inserting a 
biliaiy stent into a biliary passageway: for eliminating uretiiral obstructions 
10 comprising inserting a urethral stent into a urethra; for eliminating esophageal 
obstructions, comprising inserting an esophageal stent into an esophagus; and - 
for eliminating tracheal/bronchiai. obstructions, comprising inseniiig . a 
tracheal/bronchial stent into the trachea or bronchi. . Within each of these • 
embodiments the stem has a generally tubular structure, the surfiice of the 
15 smicmre being coated with a composition comprising taxol. 

Within another aspect of the present invention, methods are 
provided for treating a nimor excision , site, comprising administering a 
composition comprising taxol to the resection margin of a tumor subsequent tp 
exasion. such that the local recurrence of cancer and the formation of new 
20 blood vessels at the site is inhibited. . Within other aspects, methods are 
provided for treating corneal neovascularization, comprising administering a 
therapeutically effective amount of a composition comprising taxol to the 
cornea, such that the formation of new vessels is inhibited. 

Within yet another aspea of the invention, pharmaceutical 
products are provided, comprising (a) taxol. in a container, and (b) a notice 
assoaated with the container in form prescribed by, a governmental agency 
regulanng the manufacture, use, or sale of pharmaceuticals, which notice is 
reflective of approval by the agency of the taxol. for human or veterinary 
admmistration to treat non-tumorigenic angiogenesis-dependent diseases 
Briefly, Federal Law requires that the use of a pharmaceutical agent in the 
therapy of humans be approved by an agency of the Federal government 
Responsibility for enforcement (in the United States) is with the Food and Drug 
Administration, which issues appropriate regulations for securing such approval 
detailed in 21 U.S.C. §§ 301-39Z Regulation for biological materials comprising 
products made from the tissues of animals, is also provided under 42 UJS.C 
§ 262. Similar approval is required by most countries, although, regulations mav 
vary from country to country. 
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These and other aspects of the present invention will become 
evident upon reference to the following detailed description and attached 
drawings. In addidon, various references are set forth below which describe in 
more detail certain procedures or compositions, and are incorporated by 
reference m their entirety. ^ 

Ppef Pesmntinn nf r>r"i"n 

Figure lA is a photograph which Shows a shelHess egg Culture on 
day 6. Figure IB is a digitized computer-displayed image taken with a 
stereomicroscope of hving. unstained capillaries (1040x). Figure IC is a 
corrosion casting which shows CAM microvasculature that are fed by larger 
undertying vessel, (arrows; 130(bc). : Figure- ID depicts a OS mm thick plastic' 
seaion cut t ..nsversely through the CAM. and recorded at the Ught microscope 
15 doL?" P^^Sraph shows the composition of the CAM, including an outer 
15 Rouble-layered ectoderm (Ec). a mesodenn (M) containing <apillaries (ar^^^ 
scat^red advenntila cells, and a single layered endoderm (En) (40^^ 
i^re IE ^ a photograph at the electron microscope level (3500x) wherein 

r^f h''^"^/""'*"" is/ presented showing thin-wallcd endothelial ccZ 
(arrowheads) and an associated pericyte. 

HfP '''^'"'^-^'2Cand2Dareaseriesofdigitizedimagesoffour 
different, unstained CAMs taken after a 48 hour exposure to taxol 

th.Vl. I • photographs of 03 mm 

^ick plastic secnons transversely cut through a taxol-treated CAM at three 
different locations within the avascular zone. 

^ were taken froIT °' nticrographs which 

were taken from locations similar to that of Figures 3A, 3B and 3C 
(respectively) above. ^ ^ ana 

m.Vroc K r^'^ 5 is a bar graph which depicts the size distribution of ' 
30 ELVAX with 10 mg sodium suramin into 5% 

h 6 is a bar graph which depicts the size distribution of 

microspheres bv we sht (5% ELVAX with in ,t,„ o^^- ui 
py^j ' c " CLVAA with 10 mg sodium suramin into 5% 

35 of <;nH- c ^'^'^ ^ ^'""P" ^^P''^'^ ^«'Sht of encapsulation 

33 ofSodium Suramin in 1 mi of 5% ELVAX. 

of SnH.- c ^ " ^'""P^ '""''^^ ''^P''^'' '^"^ P*^'^*"' of encapsulation 

or Sodium Suramin in ELVAX. H umuon 
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Figure 9 is a bar graph which depicts the size distribution of 5% 
ELVAX microspheres containing 10 mg sodium suramin made in 5% PVA 
containing 10% NaO. 

Figure 10 is a bar graph which depicts the size distribution by 
weight of 5% PLL microspheres containing 10 mg sodium suramin made in 5% 
PVA containing 10% NaQ. 

Figure 11 is a bar graph which depicts die size distribution by 
number of 5% PLL microspheres containmg 10 mg sodium suramin made in 5% 
PVA containing 10% NaCL 

Figure 12 is a line graph which depicts the time couise of sodium 
suramin release. 

Figure 1^ is an illustration of a representative embodiment of 
hepatic tumor embolization, 

Figure 14 is an illustration of the insertion of a representative 
15 stent coated with an anti-angiogenic composition of the present invention: 

Figure ISA is a graph which shows the effect of the EVA:PLA 
polymer Wend ratio upon aggregation of microspheres. Figure 15B is a 
scanning electron micrograph xyhich shows the size of "small" microspheres. 
Figure 15C is a scanning electron micrograph which shows the size of Targe" 
20 microspheres. Figure 15D is a graph which depicts the rime course of in vitro 
taxol release from 0.6% w/v taxol-loaded 50:50 EVA:PLA polymer blend 
microspheres into phosphate buffered saline (pH 7.4) at 3rc Open circles are 
-smaU" sized microspheres, and closed circles are "large" sized microspheres. 
Figure 15E is a photograph of a CAM which shows the results of taxol release 
by microspheres ("MS"). Figure I5F is a photograph similar to tiiat of 15E at 
increased magnification. 
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Figure 16 is a graph which shows release rate profiles from 
polycaprolactone microspheres cqntaining 1%. 2%. 5% or 10% taxol into 
phosphate buffered saline at 3TC. Figure 16B is a photograph which shbws a 
CAM treated with control microspheres. Figure 16C is a photograph which 
shows a CAM treated with 5% taxol loaded microspheres. 

Figures 17A and 17B. respectively, are two graphs which show the 
release of taxol from EVA films, and the percem taxol remaining in those same 
fihns over time. Rgure 17C is a graph which shows the swelling of EVA/F127 
films with no taxol over time. Rgure 17D is a graph which shows the swelUng of 
EVA/Span 80 films with no taxol over time. Figure 17E is a graph which 
depicts a stress vs. strain curve for various EVA/F127 blends. 
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Figures ISA and 18B are two graphs which show the melting point 
of PCL/MePEG polymer blends as a fimaion of % MePEG in the formulation 
(ISA), and the percent increase in time needed for PCL paste at 60»C to begin 
to solidify as a function of the amount of MePEG in the formulation (18B). 
Figure 18C is a graph which depicts the brittleness of varying PCL/MePEG 
polymer blends. Figure ISP is a graph which shows the percem weight change 
over ume for polymer blends of various MePEG concentrations; Kgure 18E is 
a graph which depicts the rate of taxol release over time from various polymer 
blends loaded with 1% taxol. Figures 18F and 18G are graphs which depia the 
effea of varying quamities of taxol on the total amount of taxol released froin a 
20%MePEG/PCL ble^d. Figure 18H is a graph which depicts the effea of 
MePEG on the tensile strength of a MePEG/PCL polymer. 

Figure 19A is a photograph which shows coiitrol (unloaded) 
thermopaste on a CAM. Figure 19B is a photograph of 20% taxbl-loaded 
thermopaste on a CAM. 

Figures 20A and 2()B are two photographs of a CAM having a 
tumor treated with control (unloaded) thermopaste. Figures 20C and 20D are 
two photographs of a CAM having a tumor treated with taxol-loaded 
thermopaste. 

Figure 21A is a graph which shows the effect of taxol/PCL on 
tumor growth. Figures 21B and 21C are two photographs which show the effect 
of control. 10% and 20% taxol-loaded thermopaste on nimor growth. 

Figure 22A is a photograph of synovium from a PBS injeaed joint 
Figure 22B is a photograph of synovium from a microsphere injected joint 
Figure 22C is a photograph of cartilage from Joints injected with PBS and 
Figure 22D is a photograph of cartilage from joints injected with microspheres. 

Petailed Dftspriptj^n "'^ thf TnvAr^ f.»n 

As noted above, the present invention provides methods knd 
compositions which utilize anti-angiogenic factors. Briefly, within the context of 
the preseiit invention, anti-angiogenic factors should be understood to include 
any protein, peptide, chemical or other molecule which acts to inhibit vascular 
growth. A variety of methods may be readily utilized to determine the anti- 
angiogenic activity of a given factor, including for example, chick chorioallantoic 
membrane ("CAM") assays. Brieny. a.s described in more detail below in 
Examples 2A and 2C. a portion of the shell from a freshly fertilized chicken egg 
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IS removed, and a methyl cellulose disk comaimng a sample of the anti- 
angiogenic factor to be tested is placed on the membrane. After several days 
{eg. 48 hours), inhibition of vascular growth by the sample to be tested may be 
readily determined by visualization of the chick chorioallantoic membrane in 
the region surrounding the methyl ceUulose disk. Inhibition of vascular growth 
may also.l^ determined quantitatively, for example, by determining the number 
and sac of blood vessels surrounding the methyl celhilose disk, as compared to 
a contro methyl ceUulose disk. Particularly preferred anti-angiogenic facton 

10 "'"'"^ ^'-bit the formation of 

10 new blood vessels in the assay described above. 

^^"■'^'y^'f assays may also be utilized to determine the efiicacv 
of ant.ang.ogenic fectors in .iuo, including for example, mouse models which 

15 ^aZ . • ^ --"y "P^esentative /„ assays 

di^ J °' "^^"'"^'^ herein have been 

descnbed m more detail below in Examples 5 to 7, and 17 to 19. 

con,nHc- P'"*""' P^°^d« compositions 

comprising an anu^angiogenic factor and a polymeric carrier. Briefly a Jd^ 

20 rr ^^«°" be readfly utilized within the context of 

20 the present invention. Representative examples include Anti-Wive Factor 
'^^""'^^ and members of the group c^ 

Me^ur^"- °' Metalloproteinase-1. Tissue liitor oT 

Metalloproteinase-2. Plasminogen Activator Inhibitor-1 and Plasminogen 

Aaivator Inhibitor-2. THese and other anti-angiogenic factoT^f be 
25 discussed in more detail below. * 

extracts of can^r^f" ' T'''""""'''" °' ^ P^^P^^^ ^om 

, r " '° constituents which are responsible for 

»h^buing the growth of new blood vessels. IHese constituents Comprise a 

mZr- TT '^^"^ ^^P-- 100). Pp!T6? 

173. 1983). including a variety of proteins which have inhibitory effects against a 

variety Of proteases (Eisentein et al. ^„i. y. P.,... ,,,337^^^ 

al 5e..„„ ,p^,7o.72, 1976; and Honon et aL Science m-AMl-lM^fg^S) 

5 AIF suitable for use within the presem invention may be readilv p;err^^ 

Pauh. and Langer et al.. supra). Purified constituents of AIF such as 
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Cartilage-Derived Inhibitor ("CDI") (see Moscq -i c • 

ioon\ ™» I L ^ ^ Moses et al^ Science 248:1408-1410 

1990) .a, also be readily prepared and utilized within the context of the^^ 

5 co^o '"^ metabolism of extracellular matrix 

5 components, resulting in the inhibition of angiogenesis. Addinon of p^^! 
analogs, angiostatic steroids, or heparin may be utilized in oX ? 
synergistically increase the anti-angiogenic effect of transre^ie ac^ r'I 
aad .eil as derivatives thereof which may aUo be utilized" l eomS 

10 tl^ZT Obtained from commercial ™ 

10 ««J"d'ng for example. Sigma Chemical Co. (#R2625). sources. 
rA c ^ * highly derivatized diterpenoid (Warn" etal / Am. 

d^eThf^ ^f"' '"^'^'^ the ha.e;ed an^ 

aned bark of Taxus bnMfolia (Pacific Yew.) and Taxomvces Andr..,. I 

foZ T' T " "^'"'^ "x-otubular structures bv binding nit L to 

taxotere)TaX r ^. "^^^ ^' ^^^P'^' ^^-^^ «nd 

ttxotere) may be read.Iy prepared utilizing techmques known to those skiUed in 

^ W0T3/S--' w)^^ 94/07882; WO 94/07881. WO 94/07880. WO c^^^g^" 

W137. 532.448, 5,200,534. 5,229.526, and EP 590267) or obtai;ed*"Iom a' 
vanety Of commercial sources, including for example. Sigma Ct ^Zl^ st 
Lou«, Missouri (T7402 - from Taxus brev^oUa). ^" 

Suramin is a polysulfonated naphthylurea compound that ic 

™""! °' """^ '^'^^^^ ^"^'^ - '^--'^ growth fa-^" 

STOwth factor ("EGP). transforming growth fLor ("TGF 

Suramm may be prepared in accordance vvath known techniques or retdn 

^em^, Co., New York, (see Gag.iardi et al.. C^cer Bes. 52:5073-5075. 1992^ 
and Coffey. Jr., et al.,y. of Cell Phys. /J2:143-]48. 1987). ' 

Tissue Inhibitor of l^etalloproteinases-l YTIMF') is ^err^t-w ^ 
endothelial cells which also secrete MTTases. TIMP is^vZ a ed and h ' 
molecular weight of 28.5 kDa. TIMP-, regulates anltT.r^ " ' 

mto the extracellular matrix. Ti.s.sue Inhibitor of Metalloproteinases-2 (1^,^! 
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2") may also be utilized to inhibit angiogenesis. Briefly. TrMP-2 is a 21 kDa 
nonglycosylated protein which binds to metalloproteinases in both the active 
and latent, proenzyme forms. Both TIMP.] and TIMP-2 may be obtained from 
commercial sources such as Synergen, Boulder, Colorado. 
5 Plasminogen Activator Inhibitor - 1 (PA) is a 50 kDa glycoprotein 

which IS present in blood platelets, and can also be synthesized by endothelial 
cells and muscle celU. PAI-1 inhibit t.PA and urokinase plasminogen activator 
at the basolateral site of the endothelium, and additionally regulates the 
fibrmolysis process. Plasminogen Aaivator Inhibitor-2 (PAI-2) is generaUy 
found only in the blood under certain circumstances such as in pregnancy, and in 
the presence of tumors. Briefly. PAI-2 is a 56 kDa protein which is secreted by 
monocytes and macrophages. It is believed to regulate fibrinolviic aaivity. and 
in pamcular inhibits urokinase plasminogen activator and tissue plasminogen 
acnvator, thereby preventing fibrinolysis. 
15 A wide variety of other anti-angiogenic factors may also be 

Tlul T"^ ''"""^ ^«P— ative examples 

mdude Platelet Faaor 4 (Sigma Chemical Co.. #F1385); Protamine Sulphate 
(Qupeme) (Sigma ChemioJ Co.. #P4505): Sulphated Chitin Derivatives 
20 fr7T '^'^ '»'«"^)- (Sigma Chemical Co., #0641; Mma'ta 

20 etal. C«nc.. Res. 57:22-26. 1991);. Sulphated Polysaccharide Peptidoglycan 
Complex (SP-PG) (the function of this compound may be enhanced S the 
presence of steroids such as estrogen and tamoxifen citrate); Staurosporine 
(S.gma Chemical Co, #54400); Modulator, of Matrbc Metabolism, including for 
25 rh r''"' {KL-a2etidine-2-carboxylic acid (LACA) (Sigma 

25 Chemica Co. #A0760)). cishydroxyproline. d,L-3.4.dehydroproline Si^ 
Chemical Co., #D0265). Thiaproline (Sigma Chemical Co.. #'n)631)l 
dipyridyl (Sigma Chemical Co.. #D7505). /^-aminopropionitrile fumarate Sigx^a" 
Chenucal Co, #a3134)J>; MDL 27032 (4-propyl.5-(4-pyridinyl)-2(3H). 
oxazolone; Merion Merrel Dow Research Institute); Methotrexate (Signi 
' " Rheumatism 32:miim 

^ ip«7-i ^"""T ^ S'g'"- Chemical 

CO. #P87M); Interferons (eg., Sigma Chemical Co.. # 13265); 2 Macroglobulin- 
senim (Sigma Chemical Co., #M715 1); ChIMP-3 (Pavloff et al., J. Bio Chem. 
35 267:1732,-17326. 1992); Chymostatin (Sigma Chemical Co J^Z 
Tomkmson et al.. BiocHem J. 2S6:475-4S0, 1992); /T-Cydodextrin 
Tetradecasulfate (Sigma Chemical Co. #C4767); Eponemyci^ Esl«lt^e 


30 
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(available from Sigma; Wang and Steams Cancer Res. 48:6262-6271, 1988); 
Fumagillin (Sigma Chemical Co.. #F6771; Canadian Patent No. 2,024306; 
Ingber et aL, Nature 348:555-557, 1990); Gold Sodium Thiomalate (-GST*; 
Sigma-G4022; Matsubara and Zifi^ 7. Clin. Invest. 79:1440-1446, 1987); (D- 
5 PemdUamine ("CDPT*; Sigma Chemical Co., #P4875 or P5000(Ha)); fi-l- 
anticoUagenase-serum; tt2-antiplasmin (Sigma Chem. Co.:A0914; Holmes et al 
/. BioL Chem. 262(4): 1659^1664. 1987); Bisantrene (National Cancer Institute); 
Lobenzarit disodium (N^2)-carboxyphenyl-4-chlorbanthromlic add disodium or 
"CCA"; T^euchi et al.. Agents Actions 56:312-316. 1992): Thalidomide 
10 Angiostatic . steroid, AGM-1470. carboxyaminolmidazole. metalloproteinase 
inhibitors such as BB94 and the peptide CDPGYIGSR-nHj (SEQUENCE ID 
NO. 1) (Iwakj Glass, Tokyo. Japan). 

Anti-angiogenic compositions of the present invention day 
additionally comprise a wide variety of compounds in addition to the and- 
15 angiogenic factor and polymeric carrier. For example, anti-angiogenic 
composition? of die present invention may also, within certain embodiments of 
the invention, also comprise one or more antibiotics, anti-inflamatories, anti- 
viral agents, anti-fiingal agents and/or anti-protozoal agents. Represeiitative 
examples of antibiotics included within the compositions described herein 
20 include: penicillins; cephalosporins such as cefadroxil, cefazolin, cefaclor; 
aminoglycosides such as gentamycin and tobramycin; sulfonamides such as 
sulfamethoxazole; and metronidazole. Representative examples of anti- 
inflammatories include: steroids such as prednisone, prednisolone, 
hydroconispne, adrenocorticotropic hormone, and sulfasalazine; and non- 
steroidal, anti-inflammatory drugs ("NSAIDS") such as aspirin,' ibuprofen, 
naproxen, fenoporfen, indomethacin. and phenylbutazone. Representative 
examples of antiviral agents include acyclovir, ganciclovir, zidovudine. 
Representative examples of antifungal agents include: nystatin, ketbconazole, 
griseofulvin, flucytosine, miconazole, clotrimazole. Representative exainples of 
antiprotozoal agents include: pentamidine isethionate, quinine, chloroquine, 
and mefloquine. 

-if^ti-angiogenic compositions of the present invention may also 
contain one . or = more hormones such as thyroid hormone, estrogen, ~ 
progesterone, .; cortisone and/or growth hormone, other biologically active 
35 molecules such as insulin, as well as Thi (e.g., Interleukins -2, -12, and -15, 
gamma interferon or Th2 (e.g.. Interleukins -4 and -10) cytokines. 
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Anti-angiogenic compositions of the present invention may also 
comprise additional ingredients such as surfactants (either hydrophilic or 
hydrophobic; see Example 13), anti-neoplastic or chemotherapeutic agents (eg:, 
5-fluorouracil, vinblastine, doxyrubicin, adriamycin, or tamocifen), radioactive 
5 agents (eg., Gu-64, Ga-67, Ga-68, Zr-89, Rur97, Tc-99m» Rh-105, Pd-109, In- 
111, 1-123, M25,M31, Re-186, Re-188, Au-198, Au.l99, Pb-203, At.211, Pb-212 
and Bi-212) or toxins (e.^., ridn, abrin, diptheria toxin, cholera toxin, gelonin, 
pokeweed antiviral protein, tritin. Shigella toxin, and Pseudomonas exotoxin A). 

As noted above, anti-angiogenic compositions of the present 
10 invention comprise an anti-angiogenic factor and a polymeric carrier. In 
addition to the wide array of anti-angiogenic faaors and other compounds 
discussed above, anti-angiogenic compositions of the present invention may 
include a wide variety of polymeric carriers, including for example both 
biodegradable and non-biodegradable compositions. Representative examples 
15 of biodegradable compositions include albumin, gelatin, starch, cellulose, 
destrans, polysaccharides, fibrinogen, poly (d,l lactide), poly (d,l-lactide-co- 
glycolide), poly (glycolide), poly (hydroxybutyrate), poly (alkylcarbonate) and 
poly (orthoester^) (je^ generally^ Ilium, L, Davids, S.S. (eds.) "Polymers in 
controlled Drug Delivery" Wright, Bristol, 1987; Arshady, J. Controlled Release 
20 77:1-22, 1991; Pitt, Inu J. P/ior 59:173-196, 1990; Holland et al., 7. Controlled 
Release ^: 155-0180, 1986). Representative examples of nondegradable polymers 
include EVA copolymers, silicone rubber and poly (methylmethacrylate). 
Particularly preferred polymeric carriers include EVA copolymer (e.^., ELVAX 
40, poly(ethylene-vinyl acetate) crosslinked with 40% vinyl acetate; DuPont), 
25 poly(lactic-co-glycolic acid), polycaprolactbne, polylactic acid, copolymers of 
poly(ethylene-vinyl acetate) crosslinked with 40% vinyl acetate and polylactic 
^ add, and copolyniers of polylactic acid and polycaprolactone. 

Polymeric carriers may be fashioned in a variety of forms, 
including for example, as nanospheres or microspheres, rod-shaped devices, 
30 pellets, slabs, or capsules (jee, e.^., Goodell ei al.. Am. / Hosp, Pharm. 43:1454- 
1461, 1986; Langer et a!., "Controlled release of macromolecules from 
polymers", in Biomedical polymers, Polymeric materials and pharmaceuticals for 
biomedical use. Goldberg, E.P^ Nakagim, A. (eds.) Academic Press, pp. 113-137, 
1980; Rhine et ah, J. Pharm. ScL 69:265-270, 1980; Brown et al., 7. Phamt ScL 
35 72:1181-1185, 1983; and Bawa et al.,/ Controlled Release 7:259-267, 1985). 

Preferably, anti-angiogenic compositions of the present invention 
(which comprise one or more anti-angiogenic factors, and a polymeric carrier) 
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are feshioned in a manner appropriate to the intended use. Within preferred 
aspects of the present invenuon, the anti-angiogenic composition should be 
biocompatible, and release one or more anti-angiogenic factors over a period of 
several weeks to months. In addition, anti-angiogenic compositions of the 
present invemion. should preferably be stable for several months and capable of 
being produced and maintained under sterile conditions. 

Within certain aspects of the present invention, anti-angiogenic 
composinons may be fashioned in any size ranging from nanospheres to 
microspheres (^5., from 0.1 um to 500 um), depending upon the particular use 
For example, when used for the purpose of mmor embolization (as discussed 
below), i, is generally preferable to fashion the ami-angiogenic composition in 
microspheres of between 15 and 500 um, preferably between 15 and 200 m 
and most preferably, between 25 and 150 /im. Such nanoparrides may also be 
readily applied as a "spray-, which solidifies into a film or coating 
15 Nanopanides (also termed "nanospheres") may be prepared in a wide array of 
sizes, mcludmg for example, from 0.1 fim to 3 fim, from 10 /im to 30 mu and 
from 30 Aim to 100 ftm (see Example 8). 

Anti-angiogenic compositions may also be prepared given the 
disclosure provided herein, for a variety of other applications. For eitample. for 
20 the administration of anti-angiogenic compositions to the cornea, the 
compositions of the present invention may be incorporated into polymers as 
nanopanides (see generally, Kreuter / Controlled Release 76:169-176, 1991- 
Couvreur and Vauthier, J. Controlled Release 77:187-198, 1991) ' Such 
nanopanides may also be readily applied as a "spray", which' solidifies into a 
film or coating. Nanopanides (also termed "nanospheres") may be prepared in 
a wide an-ay of sizes, induding for example, from 0.1 um to 3 um, from 10/xm to 
30 um, and from 30ixm to 100 um (see Example 8). 

Anti-angiogenic compositions of the present invention may also 
be prepared in a variety of "paste" or gd forms.. For example, within one 
embodiment of the invention, anti-angiogenic compositions are provided which 
are liquid at one temperature (e-g., temperature greater than 37-C, such as 40-C. 
45-C 50-C 55'C or ^0-C), and solid or semi-solid at another temperanire (eg 
ambient body temperature, or any temperature lower than 37»C). Such 
"tiiermopastes" may be readily made given the disdosure provided herein (see. 
35 e.g.. Examples 10 and 14). 

Within yet other aspects of the invention, the anti-angiogenic 
composuions of the present invention may be formed as a film. Preferably, such 
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films arc generally less than 5, 4, 3, 2, or 1» mm thick, more preferably less than 
0.75 mm or OS mm thick, and most preferably less than 500 iim to 100 /an thick. 
Such films are preferably flexible with a good tensile strength (e.g.^ greater than 
50, preferably greater than 100, and more preferably greater than 150 or 200 
5 N/cm^), good adhesive properties (Le,, readily adheres to moist or wet surfaces), 
and has controlled permeability. Representative examples of such films are set 
forth below in the Examples (see e.^., Example 13). 

Representative examples of the incorporation of anti-angidgenic 
faaors such as into a polymeric carriers ire described in more detail below in 
10 Examples 3, 4 and 8-15. 

ARTgRIAI. EMnOl JZATION 

In addition to the compositions described above, the present 
invention also provides a variety of methods which utilize the above-described 
15 anti-angiogenic compositions. In particular, within one aspect of the present 
invention methods arc provided for embolizing a blood vessel, comprising the 
step of delivering into the vessel a therapeutically effective amount of an anti- 
angiogenic composition (as described above), such that the blood vessel ,is 
effectively occluded. Therapeutically effective amounts suitable for occhiding 
20 blood vessels may he readily determined given the disclosure provided below, 
and as described in Example 6. Within a particularly preferred embodiment, 
the anti-angiogenic composition is delivered to a blood vessel which nourishes a 
tumor (see Figure 13). 

Briefly, there are a number of clinical situations (e.^., bleeding, 
25 tumor development) where it is desirable to reduce or abolish the blood supply 
to an organ or region. As described in greater detail below, this may be 
accomplished by injecting anti-angiogenic compositions of the present invention 
into a desired blood vessel through a selectively positioned catheter (see 
Figure 13). The composition travels via the blood stream until it becomes 
30 wedged in the vasculature, thereby physically (or chemically) occluding the 
blood vessel. The reduced or abolished blood flow to the selected area results 
in infarction (cell death due to an inadequate supply of oxygen and nutrients) or 
reduced blood loss from a damaged vessel. 

For use in embolization therapy, anti-angiogenic compositions of 
35 the present invention are preferably non-toxic, thrombogenic, easy to inject 
down vascular catheters, radio-opaque, rapid and permanent in effect, sterile, 
and readily available in different shapes or sizes at the time of the procedure. 
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In addition, the compositions preferably result in the slow (ideally over a period 
of several weeks to months) release of an anii-angiogenic factor. Particularly 
preferred anti-angiogenic compositions should have a predictable size of 15- 
200 /im after being injected into the vascular system. Preferably, they should 
not clump rato larger particles either in solution or once injected. In addition, 
preferable composiuons should not change shape or physical properties durine 
storage prior to use. 

Embolization therapy may be utilized in at least three principal 
ways to assist in .|he managemem of neoplasms: (1) definitive treatment of 
10 tumors (usually benign); (2) for preoperative embolization; and (3) for palliative 
embolization. Briefly, bemgn tumors may sometimes be successfully treated by 
embolization therapy alone. Examples of such tumors include simple tumors of 
^^cuIa^ origin (eg-., haemangiomas). endocrine tumors such as paratiiyroid 
adenomas, and benign bone tumors. 
15 For other tumors, (eg., renal adenocarcinoma), preoperative 

embolization may be employed hours or days before surgical resection in order 
to reduce operative blood loss, shorten the duration of the operation, and 
reduce the risk of dissemination of viable mahgnant cells by surgical 
mampulation of the tumor. Many tumors may be successfully embolized 
.0 preoperatively. including for example nasopharyngeal tumors, glomus jugular 
tumors, memngiomas, chemodectomas. and vagal neuromas. 

Embolization may also be utilized as a primary mode of treatment 
for inoperable malignancies, in order to extend the survival time of patients wixh 
advanced disease. Embolization may produce a mariced improvemem in the 
quality of hfe of patients with malignant tumors by alleviating unpleasant 

symptoms such as bleeding, venous obstruction and tracheal compression The 
greatest benefit from palliative tumor embolization, however, may be seen in 
panents suffering from the humoral effects of malignant endocrine tumors 
wherein metastases from carcinoid nimors and other endocrine neoplasms such 
as insulinomas and glucagonomas may be slow growing, and yet cause great 
distress by virtue of the endocrine syndromes which they produce. 

In general, embolization therapy utilizing anti-angiogenic 
compositions of the present invention is typically performed in a similar manner " 
regardless of the site,. Briefly, angiography (a road map of the blood vessels) of 
the area to be embolized is first performed by injecting radiopaque contrast 
through a catheter inserted into an artery or vein (depending on the site to be 
embolized) as an X-ray is taken. The catheter may be inserted either 
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percutaneously or by surgeiy. The bipod vessel is then embolized by refluxine 
and-aiigiogenic compositions of the present invention through the catheter untfl 
flow IS observed to cease. Occlusion may be confirmed by repeating the 
angiogram. ^ f us me 

5 Embolization therapy generally results in the distribution of 

composmons containing anti-angiogenic £a«ors throughout the interstices of the 
mmor or vascular mass to be treated The physical bulk of the embolic particles 
dogging the arterial lumen results in the occlusion of the blood supply In 
addition to this effect, the presence of an anti-angiogenic factor(s) prevTn^ ^ 
10 formation of new blood vessels to supply the tumor or vascular mi' cnha^e^! 
the devitalizing effect of cutting off the blood supply. ^ 

be embohzed utilizing the compositions of the presem invention. Briefly 
tumors are typically divided into two classes: benign and malignant. In a beni^ 
tumor the cells retain their differentiated feanires and do not divide in a 
completely uncontrolled manner. In addition, the tumor is localized and 
nomneuistatic. In a malignam tumor, the cells become undifferentiated do not 
respond to the body's growth and hormonal signals, and multiply in ° 

20 r rmirasrr ^ --"^ -~/^o -t.^ 

catheter is msened via the femoral or brachial ane^. and advanced into ne 
guidance. The catheter ,s advanced into the hepatic aneri'al tree as far as 

t^or(s). while sparing as many of the anerial branches supplj^g ^rm J 
«ni«ures as possible. Ideally this will be a segmental branch of^f bepTti^ 
-^^-^^ but It could be that the entire heparicaneiy distal to the origin oT^^^ 

rr;H °^ ""'"'^'^ ^^^^^^^ need tote 

blocked depending on the extent of tumor and its individual blood supply Once 

the desired catheter position is achieved, the artery is embolized l^ihlecting 

«^t -angiogenic compositions described above) through the arterial cathetS ' 

until flow m the aneiy to be blocked cea.ses. preferably even after observation 

or 5 minutes. Occlusion of the artery may be confirmed by inJectiW 

radiopaque contrast through the catheter and demonstrating by fluorosci^ or 
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X-ray film that the vessel which previously filled with contrast no longer does so 
•Die same procedure may be repeated with each feeding artery to be occluded. 

As noted above, both benign and malignant mmore may be 
embolized utilizing compositions of the present invention. Representative 
5 examples of benign hepatic tumors include HepatoceUular Adenoma, 
Cavernous Haemangioma. and Focal Nodular Hyperplasia. Other benign 
tumors, which are. more rare and often do not have clinical manifestatioiis. may 
also be treated. These include Bile Duct Adenomas. Bile Duct Cystadenomas, 
Fibromas. Lipomas. Leiomyomas, Mesotheliomas, Teratomas, Myxomas, and 
10 Nodular Regenerative Hyperplasia. 

Maygnant Hepatic. Tumors are generally subdivided into two 
categories: primary and secondaiy. Primary mmprs arise directly from the tissue 
in which they are found, thus, a primary liver tumor is derived originally from 
the cells which make up die liver tissue (such as hepatocytes and biliary cells) 
15 Represeiitative examples of primary hepatic malignancies which may be treated 
by anerial embolization include Hepaiocellularcarcinoma, Cholangiocarcinoma, 
Angiosarcoma, Q«;tadenocar-cinoma, Squamous Cell Carcinoma, and 
Hepatoblastoma. 

A secondary njmor, or metastasis, is a mmor which originated 
20 elsewhere in the body but has now spread to a distant organ. The common 
routes for metastasis are direct growth into adjacent structures, spread through 
the vascular or lyinphatic systems, and tracking along tissue planes and body 
spaces (peritoneal fluid, cerebrospinal fluid, etc.). Secondary hepatic tumors 
are one of the most common causes of death iri. cancer patients and are by far 
25 and away the most common form of liver tumor. Although virtuaUy aiiy 
malignancy can metastasize to the liver, tumors which are most likely to spread 
to the liver include: cancer of the stomach, colon, and pancreas; melanoma- 
tumors of the lung, oropharynx, and bladder. Hodgkin's and non-Hodgkin's 
lymphoma; tumors of the breast, ovary, and prostate. Each one of the above- 
named primary tumors has numerous different mmor types which may be 
treated by anerial embolization (for example, there are over 32 differem types 
of ovarian cancer). „ 

As noted above, embolization therapy utilizing anti-angiogenic 
compositions of the present invention may also be applied to a variety of -ther 
35 clinical situations where it is desired to occlude blood vessels. Within one 
aspect of the present invention, arteriovenous malformation may be treated by 
administration of one of the above-described compositions. Briefly 
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aneriovenous inalfonnations (vascular malformations) refers to a group of 
diseases wherein at least one (and most typically, many) abnormal 
communications between aneries ahd veins occur, resulting in a local tumpr-like 
mass composed predominantly of blood vessels. Such disease may be either 
5 congenital or acquired. 

Within one embodiment of the invention, an aneriovenous 
malformiatioxi may be treated by insening a catheter Via the femoral or brachial 
arteiy. and advancing it into the feeding artery under fluoroscopic guidance. 
The catheter is preferably advanced as far as necessary to allow complete 
10 blockage of the blood vessels supplying the vascular malformation, while sparing 
as many of the arterial branches supplying normal structures as possible (ideally 
this will be a single anery, but rnbsi often multiple separaie arteries may need to 
be ocduded, depending on the extent of the vascular malformation and its 
individual blood supply). Once the desired catheter position is achieved, each 
15 anery may be embolized utilizing anti-angiogenic compositions of the present 
invention. 

Within another aspect of the invention, embolization may be 
accomplished in order to treat conditions of excessive bleeding. For example, 
menorrhagia (excessive bleeding with menstruation) may be readily treated by 
20 embolization of uterine aneries. . Briefly, the uterine arteries are branches of the 
internal fliac aneries bilaterally. Within one embodiment of the invention, a 
catheter may be insened via the femoral or brachial anery, and advanced into 
each uterine anery by steering it through the arterial system under fluoroscopic 
guidance. The catheter should be advanced as far as necessary to allow 
complete blockage of the blood vessels to the uterus, while sparing as many 
anerial branches that arise from the uterine anery and supply normal strucmres 
as possible. Ideally a single uterine anery on each side may be embolized, but 
occasionally multiple separate aneries may need to be blocked depending on 
the individuar blood supply. Once the desired catheter position is achieved, 
each artery may be embolized by administration of the anti-angiogenic 
compositions as described above. 

In a like manner, anerial embolization may be accomplished in a 
variety of other conditions, including for example for acute bleeding, vascular 
abnormalities, central nen^ous system disorders, and hypersplenism. 
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Use of Afm-ANr.,nnv:^r- CnMPOsmnMg as CoATwcn^ mn R-rrr^i^ 

As noted above, the present invention also provides stents, 
comprising a generally tubular structure (which includes for example, spiral 
shapes), the surface of which is coated with a composition as described above 
5 Briefly, a stent is a scaffolding, usually cylindrical in shape, that may be inserted 
mto a body passageway (eg., bile ducts), which has been narrowed by a disease 
process (e.^.. ingrowth by a tumor) in order to prevent closure or redosure of 
the passageway. Stents act by physically holding open the walls of the body 
passage into which they are insened. 

^ v"'>»y of sJents may be utilized within the context of the 
; present invention, including for example, esophageal stents, vascular stents 
bthary stents, pancreatic stents, ureteric and urethral stents, lacrimal steiits' 
eustachian tube stents, fallopian tube stents, and tracheal/bronchial stents. 

^^^"'s '"^y be ""eadily obtained from commercial sources, or 
constructed in accordance with well known techniques. Representative 
examples of stents include those described in U.S. Patem No. 4.776 337 entitled 
"Expandable Intraluminal Graft, and Method and Apparatus for Implailting and 
Expandable Intraluminal Graft". U.S. Patent No. 5,176,626. entitled ^ndwelling 
Stent", U.S. Patent No. 5.147,370 entitled "Nitinol Stem for Hollow Body 
20 Conduits". US. Patent No. 5.064.435 emitted "Self-Expanding Prosthesis Having 
Stable Axial Length". U.S. Patent No. 5.052,998 entitled "Indwelling Stem and 
Method of Use", and U.S. Patent No. 5.041. 126 entitled "Endovascular Stent and 
Delivery System, all of which are hereby incorporated by reference in their 
entirety. 

25 Stents may be coated with anti-angiogenic compositions or anti- 

angiogenic factors of the present invention using a variety of methods, including 
-for example: (a) by directly affixing to the stem an anti.angiogenic composition 
(e.^., by either spraying the stent with a polymer/drug film, or by dipping the 
-stem into a polymer/drug solution), (b) by coating the stent with a substance 

30 such as a hydrogel which will in turn absorb the anti-angiogenic composition (or 
anti-angiogenic factor above), (c) by inter%veaving anti-angiogenic composition 
coated thread (or the polymer itself formed into a thread) into the stent 
struaure, (d) by imerting the stent into a sleeve or mesh which is comprised of 
or coated with an anti-angiogenic composition, or (e) constructing the stem 

3D Itself with an anti-angiogenic composition. Within preferred embodiments of 
the invention, the composition should firmly adhere to the stent during storage 
and at the time of insertion, and should not be dislodged from the st^nt when 
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the diameter is expanded from its collapsed size to its fiiU expansion size. The 
anti-angiogenic composirion should also preferably not degrade diiiing storage, 
prior to insertion, or when warmed to body temperature after expansion inside' 
the body. In addition, it should preferably coat the stent smoothly and evenly, 
with a uniform distribution of angiogenesis inhibitor, while not changing the 
stent concur. Within preferred embodiments of the invention, die anti 
angiogenic composition should provide a uniform, predictable, prolonged 
release of the and-angiogenic factor into the tissue surrounding die stem oncx it 
has been deployed. For vascular stents, in addition to the above properties, die 
composition should not render the stent thrombogenic (causing blood clots to 
fom). or cause significant turbulence in blood flow (more than iiie stent itself 
would be expected to cause if it was uncoated). 

Within another aspea of the present invention, methods are 
provided for expanding the lumen of a body passageway, comprising inserting a 
stem mto the passageway, the stent having a generally mbular structure, die 
surface of tiie structure being coated with an anti-angiogenic composition (or 
an ana-angiogenic factor alone), such that the passageway is expanded A 
variety of embodiments are described below wherein the lumen of a body 
passageway is expanded in order to elimimite a biUaiy, esophogek 
20 tracheal/bronchial. uretiiral or vascular obstruction. In addition, a 
representative example Is described in more detail below in Example 7. 

Generally, stents are inserted in a similar fashion regardless of the 
sue or die disease being treated. Briefly, a preinsertion examimirion. usuaUy a 
diagnostic imaging procedure, endoscopy, or direct visualization at die time of 
surgeiy. ,s generally first performed in order to deterinine die appropriate 
positiomng for stent insertion. A guidewire is then advanced through the lesion 
or proposed site of insertion, and over this is passed a delivery catheter which 
allows a stem in its collapsed form to be inserted. Typically, stents are capable 
of bemg compressed, so that diey can be inserted through tiny cavities via small 
cadieters, and then expanded to a larger diameter once they are at the desired 
location. Once expanded, the stent physically forces die walls of the passageway 
apan and holds it open. As such, they are capable of insenion via a smaU 
opemng. and yet are still able to hold open a large diameter cavity or " 
passageway. TTie stem may be self-expanding (e^., the Wallstem and Giinturco 
stents). baUoon expandable (e.g., the Palmaz stent and Strecker stent), or 
implanted by a change in temperature (c.^.. the Nirinol stent). 
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Stents are typically maneuvered into place under radiologic or 
direct visual control, taking particular care to place the stent precisely across the 
narrowing in the organ being u-eated. The delivery catheter is then removed, 
leaving the stent standing on its own as a scaffold. A post insertion examination,* 
5 usuaDy an x-ray, is often utilized to confirm appropriate positioning. 

Within a preferred embodiment of the invention, methods are 
provided for eliminating biliaiy obstructions, comprising inserting a biliaiy stem 
into a biUaiy passageway, the stem having a generally mbular structure, the 
surface of the structure being coated with a composition as described above 
10 such that the biliaiy obstruction is eliminated. Briefly, mmor overgrowth of the' 
common bile duct results in progressive cholestatic jaundice which is 
incompatible with life. Generally, the biliary system which drains bile from the 
Uver mto the duodenum is most often obstructed by (1) a tumor composed of 
bile duct ceils (cholangiocarcinoma), (2) a tumor which invades the bile duct 
15 (e.g.. pancreatic cardnoma). or (3) a tumor which exerts extrinsic pressure and 
compresses the bile duct (e.g., enlarged lymph nodes). 

Both primary bfliary tumors, as well as other nlmors which cause 
compression of the biliary, tree may be treated utilizing the stents described 
herem. One example of primary biliary mmors are adenocarcinomas (which ie 
20 also called Klatskin tumors when found at the bifurcation of the common 
hepanc duct). TTjcse tumors are also referred to as biliary carcinomas, 
choledocholangiocarcinomas. or adenocarcinomas of the biliary system Benign 
tumors which affect the bfle duct (e.g., adenoma of the biUary system), and in 
rare cases, squamous cell carcinomas of the bile duct and adenocarcinomas' of 
the gaUbladder, may also cause compression of the biliary tree, and therefore, 
result in biliary obstruction. 

Compression of the biliaiy tree is most commonly due to tumors 
, of the liver and pancreas which compress and therefore obstruct the ducts 
Most of the tumors from the pancreas arise from cells of the pancreatic ducts. 
This is a highly fatal form of cancer (5% of all cancer deaths; 26.000 new cases 
per year in the U.S.) with an average of 6 months survival and a 1 year survival 
rate of only 10%. When these tumors are located in the head of the pancreas 
they frequently cause biliary obstruction, and this detracts significantly from the 
quality of life of the patient. While all types of pancreatic tumors are generally 
referred to as "carcinoma of the pancreas." there are histologic subtypes 
mcluding: adenocarcinoma, adenosquamous carcinoma, cystadeno-carcinoma, 
and acinar cell carcinoma. Hepatic tumors, as discussed above, mav also cause 
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compression of the biUaiy tree, and therefore cause obstruction of the biliaiy 
ducts. 

Within one embodiment of the invention, a biliaiy stent is first 
inserted into a biliary passageway in one of several ways: from the top end by 
5 inserting a needle Uirough the abdominal wall and through the liver (a 
percutaneous transhepatic cholangiogram or "PTC"); from the bottom end by 
cannulating the bile duct through an endoscope inserted through the mouth, 
stomach, or duodenum (an endoscopic retrograde cholangiogram Or "ERCP); 
or by direct incision during a surgical procedure. A preinsertion examination, 
10 PTC ERCP, or direct visualization at the time of surgery should generally be 
performed to determine the appropriate, position for stent insertion. A 
fiuidewire is then advanced through the lesion, and over this a delivery catheter 
is passed to allow the stent to be inserted in its collapsed fonn. If the diagnostic 
exam was a PTC, the guidewire and delivery catheter will be inserted via the 
15 abdominal wall, while if the original exam was an ERCP the stent wiU be placed 
via the mouth. The stent is then positioned under radiologic, endoscopic; or 
direct visual control taking particular care to place it precisely across the 
narrowing in the bile duct. The deUvery catheter will be removed leaving the 
stent standing as a scaffolding which holds the bile duct open. A further 
cholangiogram will be performed to document that the stent is appropriately 
positioned. 

Within yet another embodiment of the invention, methods are 
provided for eliminating esophageal obstructions, comprising inserting an 
esophageal stent into an esophagus, the stem having a generally tubular 
struaure, the surface of the structure being coated with an anti-angiogenic 
• composition as described above, such that the esophageal obstruction is 
eliminated. Briefly, the esophagus is the hollow mbe which transports food and 
Uquids from the mouth to the stomach. Cancer of the esophagus or invasion by 
cancer arising in adjacent organs (eg., cancer of the stomach or lung) results in 
the inability to swallow food or saliva. Within this embodiment, a preinsertion 
examination, usually a barium swallow or endoscopy should generally be 
performed in order to determine the appropriate position for stent insertion. A 
catheter or endoscope may then be positioned through the mouth, and a - 
guidewire is advanced through the blockage. A stent delivery catheter ii passed 
over the guidewire under radiologic or endoscopic control, and a stent is placed 
precisely across the narrowing in the esophagus. A post insertion examination. 
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usually a barium swallow x-ray. may be utilized to ccafim, appropriate 
positioning. 

Within other embodiments of the invention, methods are 
provided for eliminating iracheal/bronchial obstructions, coniprising inserting a 
5 tracheal/bronchial stent into the trachea or bronchi, the stent having a genenUly 
tubular structure, the surface of which is coated with an anu-angiogenic 
composition as described above, such that the tracheal/bronchial obstruction is 
ehminated. Briefly, the trachea and bronchi are nibes which cany air from the 
mouth and nose to the lungs. Bloctege of the trachea by cancer, invasion by 
10 cancer arising in adjacent organs (e.g.. cancer of the lung), or collapse of the 
trachea or bronchi due to chondromalacia (weakening of the cartilage rings) 
-results ,n inability to breathe. Within this embodiment of the invention., 
preinseruon examination, usually an endoscopy, should generally be performed 
in order to determine the appropriate position for stent insertion. A catheter or 
15 endoscope is then positioned through the mouth, and a guidewire advanced 
through the blockage. A delivery catheter is then passed over the guidewire in 
order to allow a collapsed stem to be insened. The stem is placed under 
radiologic or endoscopic control in order to place it precisely across the 
narrowing. The delivery catheter may then be removed leaving the stent 
standing as a scaffold oh its own. A post insertion examination. usuaUy a 
bronchoscopy, may be utilized to confirm appropriate positioning. 

Within another embodiment of the invention, methods are 
provided for eliminating urethral obstructions, comprising insening a urethral 
stent into a urethra, the stent having a generally tubular struaure. the surf^ace of 
the structure being coated with an anti-angiogenic composition as described 
above, such that the urethral obstruaion is eliminated. Briefly, the urethra is 
the tube which drains the bladder through the penis. Extrinsic narrowing of the 
urethra as ,t passes through the prostate, due to hypertrophy of the prostate 
occurs in virtually every man over the age of 60 and causes progressive difficultJ 
with unnation. Within this embodiment, a preinsertion examination, usually an 
endoscopy or urethrogram should generally first be performed in order to 
detemune the appropriate position for stem insertion, which is above the 
external urinary sphincter at the lower end, and close to flush with the bladder 
neck at the upper end. An endoscope or catheter is then positioned through the • 
pemle opening and a guidewire advanced into the bladder. A delivery catheter 
IS tiien passed over the guidewire in order to allow stent insertion. The delivery 
catheter is then removed, and the stent expanded imaolace. A post insenion 
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examination, usually endoscopy or retrograde urethrogram, may be utilized to 
confinn appropriate position. 

Within another embodiment of the invention, methods are 
provided for eliminating vascular obstructions, comprising inserting a vascular 
5 stem into a blood vessel, the stdnt having a generally tubular structure, the 
surface of the structure being coated with an anti-anjgiogenic composition as 
described above, such that the vascular obstruaiqn is eliminated. Briefly, stems 
may be placed in a wide array of blood vessels, both arteries and veins, to 
prevent recurrent stenosis at the site of failed angioplasties, to treat narrowings 
10 that would likely fail if treated with angioplasty, and to treat post surgical 
narrowings (e.g., dialysis graft stenosis). Representative examples of suitable 
sites include the iliac, renal, and coronary arteries, the superior vena cava, and 
in dialysis grafts. Within one embodiment, angiography is first performed in 
order to localize the site for placement of the stent This is typicaUy 
accompUshed by injeaing radiopaque contrast through a catheter insened into 
an arteiy or vein as an x-ray is taken. A catheter may then be inserted either 
percutaneously or by surgeiy into the femoral artery, brachial artery, femoral 
vein, or brachial vein, and advanced into the appropriate blood vessel by 
steering h through the vascular system under fluoroscopic guidance. A stent 
may then be positioned across the vascular stenosis. A post insertion angiogram 
may also be utUized in order to coniBrm appropriate positioning. 

Use QF ANTI-ANatnoFxic CnMPos m ovs tN- Sl-rhicai. Pufirpnni^p^ 

As noted above, anti-angiogenic compositions may be utilized in a 
wide variety of surgical procedures. For example, within one aspect of the 
present invention an anti-angiogemc compositions (in the form of, for example, 
a spray or film) may be utilized to coat or spray an area prior to removal of a 
ttmtor, in order to Uolate normal surrounding tissues from maUgnant tissue, 
and/or to prevent the spread of disease to surrounding tissues. Witfiin pdier 
aspects of the present invention, anti-angiogenic compositions (eg:, in the form 
of a spray) may be delivered via endoscopic procedures in order to coat nunors, 
or inhibit angiogenesis in a desired locale. Within yet other aspects of the 
present invention, surgical meshes which have been coated with anti-angiogenic 
compositions of the present invention may be utilized in any procedure wherein 
a surgical mesh might be utilized. For example, within one embodiment of the 
myention a surgical mesh ladened with an anti-angiogenic composition may be 
utilized during abdominal cancer resection surgery (eg., subsequent to colon 


CI tOCTITi iTn r*« I 


WQ 95/03036 


PCT/CA94/00373 


27 


resecrion) in order to provide support to the structure, and to release an amount 
of the anti'angiogenic faaor. 

Within further aspects of the present invention, methods are 
.provided for treating tumor excision sites, comprising administering an anti- 
5 . angiogenic composition as described above to the reseaion margins of a tumor 
subsequem to excision, such that the local recurrence of cancer and the 
formation of new bipod vessels at the site is inhibited. Within one eiribodiment 
of the invemion, the anri-angiogenic coraposiuon(s) (or anti-angiogem'c factor(s) 
^ alone) are administered directly to the tumor excision site (e.g., applied by 
10 .swabbing, brushing or otherwise coating the resection margins of the tumor with 
ithe anti-angiogemc composition(s) or factor(s)). Alternatively, the anti- 
angiogenic composition(s) or factor(s) may be incorporated into known surgical 
pastes prior to administration. Within panicularly preferred embodiments of 
the mvention. the ami-angiogenic compositions are applied after hepatic 
15 reseaions for malignancy, and afterneurosurgical operations. 

Within one aspect of the present invention, anti-angiogenic 
compositions (as described above), may be administered to the resection margin 
of a wide variety of tumors, including for example, breast, colon, brain and 
hepatic mmors. For example, within one embodiraem of the invention anti- 
20 angiogenic compositions may be administered to the site of a neurological 
tumor subsequem to excision, such that the formation of new blood vessels at 
the site are inhibited. Briefly, the brain is highly functionally localized- Le each 
specific anatomical region is specialized to cany out a specific function. 
TTierefore it is the location of brain pathology that is often more important than 
25 the type. A relatively small lesion in a key area can be far more devastating 
than a much larger lesion in a less imponant area. Similariy. a lesion on the 
surface of the brain may be easy to resect surgically, while the same tumor 
located deep in the brain may not (one would have to cut through too many vital 
strucmres to reach it). Also, even benign mmors can be dangerous for several 
30 reasons: they may grow in a key area and cause significant damage- even 
though they would be cured by surgical resection this mav not be possible- and 
fipally. if left unchecked they can cause increased intracranial pressure 'iTie 
skull IS an enclosed space incapable of expansion. Therefore, if sometiiing is 
growing in one location, something else must be being compressed in another 
location - the result is increased pre.ssure in the skull or increased intracranial 
pressure. If such a condition is left untreated, vital structures can be 
compressed, resulting in death. The incidence of CNS (central nen^ous svstem) 
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malignancies is 8-16 per 100,000. The prognosis of primaiy malignancy of the 
brain is dismal, with a median survival of less than one year, even following 
surgical resectioa These tumors, especially gliomas, are predominantly a local 
disease which recur within 2 centimeters of the original focus of disease after 
5 surgical renaoval. 

Representative examples of brain tumors which may be treated 
utilizing the compositions and methods described herein include Glial Tumors 
(such as Anaplastic Astrocytoma, Glioblastoma Multiform, Pilocytic 
Astrocytoma, Oligodendroglioma, Ependymoma, Myxopapillaiy Ependymoma, 
10 Subependymoma, Choroid Plexus Papilloma); Neuron Tumors (e^.. 
Neuroblastoma, Ganglioneuroblastoma, Ganglioneuroma, and 
MeduUoblastoma); Pineal Gland Tumors (eg., Pineoblastoma and 
Pineocytoma); Menigeal Tumors {e.g.. Meningioma, Meningeal 
Hemangiopericytoma, Meningeal Sarcoma): Tumors of Nerve Sheath Cells 
15 (eg:, Schwaimoma (Neurolemmoma) and Neurofibroma); Lymphomas (e.g, 
Hodgldn's and Non-Hodgkin's Lymphoma (including numerous subtypes, both 
primary and secoridary); Malformative . Tumors (e.^.. Craniopharyngioma, 
Epidermoid Cysts, Dermoid Cysts and Colloid Cysts); and Metastatic Tumors 
(which can be derived from virmally any tumor, the most common being from 
20 lung, breast, melanom*!, kidney, and gastrointestinal tract tumors), . 

Other THFR.APgtrnr T Jsrs of Avn» ANGioog\ir CoMPn.smoNs 

In addition to tumors, numerous other non-tumorigenic 
angiogenesis-dependent diseases which are characterized by the abnormal 
25 growth of blood vessels may also be treated with the anti-angiogenic 
compositions, or anti-angiogenic faaors of the present invention. 
Representative examples of such non-tumorigenic angiogenesis-dependent 
diseases include corneal neovascularization, hypertrophic scars and keloids, 
proliferative diabedc rerinopathy, rheumatoid arthritis, aneriovenous 
30 malformations (discussed above), atherosclerotic plaques, delayed wound 
healing, hemophilic joints, nonunion fractures, Osler-Weber syndrome, 
psoriasis, pyogenic granuloma, scleroderma, tracoma, menorrhagia (discussed 
above) and vascular adhesions. 

In particular, within one aspect of the present invention methods 
35 are provided for treating corneal neovascularization (including corneal graft 
neovascularization), comprising the step of administering a therapeutically 
effective amount of an anti-angiogenic composition (as described above) to the 
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cornea, such that the formation of blood vessels is inhibited. Briefly, the cornea 
is a tissue which normally lacks blood vessels. In certain pathological 
conditions, however, capillaries may extend into the cornea from the pericorneal 
vascular plexus of the limbus. When the cornea becomes vascularized, it also 
5 becomes clouded, resulting in a decline in the patient's visual acuity. Vislial loss 
may become complete if the cornea completely opadtates. 

Blood vessels can enter the cornea in a variety of patterns and 
depths, depending upon the process which incites the neovascularization. Hiese 
patterns have been traditionally defined by ophthalmologists in the fbUowing 
10 types: pannus trachomatosus. pannus leprosus. pannus phylctenulosus, pannus 
degenerativus. and glaucomatous pannus. The corneal stroma may also be 
mvaded by branches of the anterior cUiaiy arteo' (called interstitial 

yascularuaiion) which causes several distina clinical lesions: terminal loops a 
brush-like" pattern, an umbel form, a lattice form, interstitial arcades (from 
15 episcleral vessels), and aberrant irregular vessels. 

A wide variety of disorders can result in corneal 
neovascularization, including for example corneal infections Xe.g., trachoma, 
herpes simplex keratitis, leishmaniasis and onchocerciasis), immunological 
processes (e^., graft rejection and Stevens-Johnson's syndrome), alkali bunis, 
trauma, mflammadon (of any cause), toxic and nutritional deficiency states, and 
as a comphcanon of wearing contact lenses. 

While the cause of corneal neovascularization mav vary the 
response of the cornea to the insult and the subsequent vascular ingrovJth is 
smular regardless of the cause. Briefly, the location of the injury appears to be 
of importance as only those lesions simated within a critical distance of the 
hmbus will incite an angiogenic response. This is likely due to tiie fact that the 
angiogenic factors responsible for eliciting the vascular invasion are created at 
the site of the lesion, and must diffuse to the site of die nearest blood vessels 
(the hmbus) in order to exen their effect Past a certain distance from the 
hmbus. this would no longer be possible and the limbic endothelium would not 
be induced to grow into the cornea. Several angiogenic factors are likely 
involved in this process, many of which are products of the inflammatoiy 
response. Indeed, neovascularization of the cornea appears to only occur in 
association with an infiammatoiy cell infiltrate, and the degree of an-^iogenesis 
IS proportional to the extent of the inflammatoiy reaction. Corneal edema 
funher facilitates blood ves.sel ingrowth by loo.sening the corneal stromal 
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framework and providing a pathw^ of "least resistance" through which the 
capillaries can grow. 

Following the initial inflammatory reaaion, eapfllary growth into 
the cornea proceeds in the same manner as it occurs in other tissues. The 
5 normally quiescent endothelial cells of the limbic capillaries and venules are 
stimulated to divide and migrate. The endothelial cells projea away frbm their 
vessels of origin, digest the surrounduig basement membrane and the tissue 
through which they will travel, and migrate towards the source of the angiogenic 
stimulus. The blind ended sprouts acquire a lumen and then anastomose 
10 together to form capillary loops. The end result is the establishment of a 
vascular plexus within the corneal stroma. 

Anti-angiogenic compositions of the present invention are useful 
by blocking the stimulatory effects of angiogenesis promoters, reducing 
endothelial cell division, decreasing endothelial cell migration, and impairing 
15 the activity of the proteolytic enzymes secreted by the endothelium. 

Within particularly preferred embodiments Of the invention, an 
anti-angiogenic factor may be prepared for topical administration in salme 
(combined with any of the preservatives and antimicrobial agents commonly 
used in ocular preparations), and administered in eyedrop form. The anti- 
20 angiogenic factor solution may be prepared in its pure form and administered 
several times daily. Alternatively, anti-angiogenic compositions, prepared as 
described above, may also be administered directly to the comea. Within 
preferred embodiments, the anti-angiogenic composition is prepared with a 
muco-adhesive polymer which bmds to cornea. Within further embodiments, 
25 the anti-angiogenic factors or anti-angiogenic compositions may be utilized as 
an adjunct to conventional steroid therapy. 

Topical therapy may also be useful prophylactically in Corneal 
lesions which are known to have a high probability of inducing an angiogenic 
response (such as chemical bums). In these instances the treatment, likely in 
combination with steroids, may be instituted immediately to help prevent 
subsequent complications. 

Within other embodiments, the anti-angiogenic compositions 
described above may be injected directly into the corneal stroma by an " 
ophthalmologist under microscopic guidance. The preferred site of injection 
35 may vaiy with the morphology of the indix-idual lesion, but the goal of the 
administration would be to place the composition at the advancing front of the 
vasculature (/.&. interspersed between the blood vessels and the normal comea). 
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In most cases this would involve perilimbic corneal injection to -protect" the 
cornea from the advancing blood vessels. TTiis method may also be utilized 
shorUy after a corneal insult in order to prophylactically prevent corneal 
neovascularizatipn. In this situation the material- could be injeaed in the 
5 perJrnibic comqa interspersed between the corneal lesion and its undesired 
potential Hmbic blood supply. Such methods may also be iitilized in a similar 
feshion to prevem capillaiy invasion of transplanted corneas. In a sustained- 
release fonn. injections might only be required 2-3 times per year. A steroid 

10' r '° *° itrflammation resulting 

tu,; trom the mjectton itself. - 

Witiiin, anotiier aspect of the present invention, methods are 
provided for treating hypenrophic scars and keloids, comprising the step of 
admrnmermg one of the above-described ami-angiogenic compositions u> a 
hypenrophic scar or keloid. 

^ nh«« ''^^"^S of wounds and scar formation occurs in three 

phases: mflammat.on. proliferation, and mamration. The Grst phase 
inflaxnmatK,n. occurs in response to an injury which is severe enough to break' 
the sbn. Dunng this phase, which lasts 3 to 4 days, blood and tissue fluid form 

20 ^r^lTr T'^'Z "^"'^^^ ^ wound 

20 «,rfaces together. TTus ,s then followed by a proliferative phase in which there 

u mgro«^h of capillaries and connective tissue from the wound ed^es and 

ht"' ^"^'^---^P'^-y-d fibroblastic prohWaln 

has ceased, the maturation process begins wherein the scar contracts and 

25 ^ T r • "PP^" ^'h"^- final phase 

25 may take between 6 and 12 months. 

If too much connec-:ve tissue is produced and the wound remains 
pe«|stently cellular, the scar may become red and raised. If tiie scar remains 
.w,thm the boundaries of the original wound it is referred to as a hypenrophic 

30 T\ surrounding ti4e 

nrL " '° " ' ">^^«-P^- ^-rs and keloids are' 

produced dunng the second and third phases of scar fonnation. Several wounds 
are pamcularly prone to exce.«ive endothelial and fibroblastic proliferation 
mcludmg bums, open wounds, and infected wounds. With hypertrophic scars 

35 nf r, fT °^ P-^dual improvement occurs. In the case' 

of keloids however, an actual tumor is produced which cat, become quite large 
i>pontaneous improvement in such cases rarely occurs. ' 
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Hierefore, witfiin one embodiment of the present invention either 
anti-angiogenic factors alone, or anti-angiogenic compositions as described 
above, are directly injected into a hypenrophic scar or keloid in order to prevent 
the progression of these lesions. The frequency of injections will depend upon 
5 the release kinetics of the polymer used (if present), and the clinical response. 
Hiis therapy is of particular value in the prophylactic treatment of tohditions 
which are known to rpsult in the detvelopment of hypertrophic scare and keloids 
(eg., bums), and is preferably initiated after the proliferative phase has had time 
to progress (approximately 14 days after the initial injuiy), but before 
10 hypertrophic scar or keloid development 

Within another aspect of the present irivention methods are 
provided for treating nepvascular. glaucoma, comprising the step of 
administering a therapeutically effective amount of an anti-angibgenic 
composition to the eye, such that the formation of blood vessels is inhibited. 

Briefly, neovascular glaucoma is a pathological condition wherein 
new capiUaries develop in the iris of the eye. The angiogenesis usuaUy 
originates from vessels located at the pupillary margin, and progresses across 
the root of the iris and into the trabecular meshwork. Fibroblasts arid bther 
connective tissue elements are associated with the capillary growth and a. 
fibrovascular membrane develops which spreads across the anterior surface of 
the iris. Eventually this tissue reaches the anterior chamber angle where it 
forms synecfaiae. These synechiae in turn coalesce, scar, and contract to 
ultimately dose off the anterior chamber angle. TTie scar formation prevents 
adequate drainage of aqueous humor through the angle and into the trabecular 
25 meshwork, resulting in an increase in intraocular pressure that may result in 
blindness. 

Neovascular glaucoma generally occurs as a complication of 
diseases in which retinal ischemia is predominant In paniciilar, about one third 
of the patients with this disorder have diabetic retinopathy and 28% have 

30 central retinal vein occlusion. Other causes include chronic retinal detachment, 
end-stage glaucoma, carotid artery obstructive disease, retrolental fibroplasia, 
sickle-cell anemia, intraocular tumors^ and carotid cavernous fistulas. In its ' 
early stages, neovascular glaucoma may be diagnosed by high magnification 
slidamp biomicroscopy, where it reveals small, dilated, disorganized capiUaries 

35 (which leak fluorescein) on the surface of the iris. Later gonioscopy 
demonstrates progressive obliteration of the anterior chamber angle by 
fibrovascular bands. While the anterior chamber angle is still open. 
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conservadve therapies may be of assistance. However, once the angle closes 
surgical intervention is required in order to alleviate the pressure. 

Therefore, within one ernbodiment of the invention and- 
angiogenic factors (either alone or in an anti-angiogenic composiuon. as 
5 descnbed above) may be administered topically to the eye in ordei; to treat early 
forms of neovascular glaucoma. 

Within other embodiments of the invendon. and-angiogenic 
compositions may be implanted by injection of the composirion into the region 
of the anterior chamber angle. This provides a sustained localized increase of 
10 anti-angiogenic factor, and prevents blood vessel growth into the area. 
Implanted or injected anti-angiogenic compositions which arc placed between 
the advancing capillaries of the iris and the anterior chamber anele can "defend" 
the open angle from neovascularization. As capillaries will nm grow within a 
significant radius of the anti-angiogenic composition, patency of the angle could 
15 be mamtamed. Within other embodiments, the anti-angiogenic composition 
may also be placed in any location such that the anti-angiogenic faaor is 
commuously releaj;ed into the aqueous humor. This would increase the and- 
angiogemc factor concentration within the humor, which in turn bathes the 
surface of the iris and its abnormal capillaries, thereby providing anoth;r 
20 mechanism by which to deliver the medication. THese therapeutic modalities 
may also be useful pfophyiactically and in conjbination with existing treatments. 

Within another aspect of the present invention, methods are 
provided for treating proliferative diabetic retinopathy, comprising the step of 
adnumstering a- therapeutically effective amount of an anti-angiogemc 
composuion to the eyes, such that the formation of blood vessels is inhibited. 

Briefly, the pathology of diabetic retinopathy is thought to be 
simflar to that described above for neovascular glaucoma. In particular 
background diabetic retinopathy is believed to convert to proliferative diabetic 
retinopathy under the influence of retinal hypoxia. Generally, neovascular • 
tissue sprouts from the optic nerve (usually within 10 mm of the edge), and from 
the surface of the retina in regions where tissue perfusion is poor. Initially the 
capillaries grow between the inner limiting membrane of the retina and the 
posterior surface of the vitreous. Eventually, the vessels grow into the vitreous 
and through the inner limiting membrane. M the vitreous contracts, traction is 
applied to the vessels, often resulting in shearing of the vessels and blinding of 
the vitreous due to hemori-hage. Fibrous traction from scarring in the retina 
may also produce retinal detachment. 
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TTie conventional therapy of choice is panretinal photocoagulation 
to decrease retinal tissue, and thereby decrease retinal oxygen demands. 
Although initially effective, there is a high relapse rate with new lesions forming 
m other parts of the retina. Complications of this therapy include a decrease in 
5 penpheral vision of up to 50% of patients, mechanical abrasions of die cornea, 
laser-induced cataraa formation, acute glaucoma, and sdmulation of subretinal 
neovascular growth (which can result in loss of vision). As a lesult. this 
procedure is performed only when several risk factors are present, and the lisk- 
benefit ratio is clearly in favor of intervention. 

. Therefore, within particularly preferred embodiments of die 

invention, proliferative diabetic retinopathy may be treated by injecuon of an 
and-angiogenic factor(s) (or anti-angiogenic composition) into die aqueous 
humor or the vitreous, in order to increase the local cbncentrarion of anti- 
angiogenic faaor in the retina. Preferably, this treatmem should be initiated 

pnor to the acquisirion of severe disease requiring photocoagulation. Within 
other embodiments of the invention, aneries which feed the neovascular lesions 
may be embolized (utilizing anti-angiogenic compositions, as described above) 

Within another aspea of the presem invemion. methods are 
provided for treating retrolental fibfoblasia. comprising the step of 
administering a therapeutically effective amoum Of an anti-angiogenic factor (or 
anu-angiogenic composition) to the eye. such that the formation of blood vessels 
IS inhibited. 

Briefly, retrolental fibroblasia is a condition occurring in 
premature infants who receive oxygen therapy. TTie peripheral retinal 
vasculature, particularly on the temporal side, does not become fiilly formed 
irntU the end of fetal life. Excessive oxygen (even levels which would be 
physiologic at term) and the formation of oxygen free radicals are thought to be 
important by causing damage to the blood vessels of the immamre retina, 
-mese vessels constrict, and then become stnicturally obliterated on exposure to 

oxygen. As a result, the peripheral retina fails to vascularize ind retinal 
ischemia ensues. In response to the ischemia, neovascularization is induced at 
the junaion of the normal and the ischemic retina. 

In 75% of the ca.ses these vessels regress spontaneously 
35 TfT rK "'"^'^"g 25% there is continued capillao. growth, contraction 

of the fibrovascular component, and traction on both the ve.s.sels and the retina 
This results m vitreous hemorrhage and/or retinal detachment which can lead 
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to blindness. Neovascular angle^losure glaucoma is also a complication of this 
condition. 

. As it is often impossible to determine which cases wiU 
^ spontaneously resolve and which will progress in severity, conventional 
5 ti-eatment {Le., surges) is generally initiated only in patients with established 
disc: se and a well developed pathology. This "wait and see" approach prechides 
eariy mtervention, and allows the progression of disease in- the 25% who follow 
a complicated course. Therefore, within one embodiment of the invention, 
topical administration of anti-angiogenic factors (or anti-angiogenic 
10 composiuons. as described above) may be accomplished in infants which are at 
high risk for developing this condition in an attempt to cut down on the 
mcdence of progression of retrolental fibroplasia. Within other embodiments 
mtravureous injections and/or intraocular implants of an anti-angiogenic' 
compos don may be utilized. Such methods are particularly preferred in cases 
15 of established disease, in order to reduce the need for surgery. 

, Within another aspect of the present invention, methods are 
provided for treaUng rheumatoid arthritis, comprising the step of administering 
a therapeutically effective amount of an anti-angiogenic composition to a joint 
such that the formation of blood vessels is inhibited. 
20 Briefly, in rheumatoid arthritis anicular damage is due to a 

combination of inflammation (including white blood cells and white blood ceU 
products) and pannus tissue development (a tissue composed of neovascular 
ti^e. connective tissue, and inflammatory cells). Generally, chronic 
inflammation in itself is insufficiem to result in damage to the joim surface but 
a permanent deficit is created once fibrovascular tissue digests the cartflage 


25 


Withm a preferred embodiment of the invemion. anti-angiogenic 
factors (including anti-angiogenic compositions, as described above) may be 
administered by intra-anicular injection, as a surgical paste, or as an oral agem 
{e.g., coniaimng the angi-angiogenic factor thalidomide), in order to inhibit the 
formauon of blood vessels within the joint. One representative example of such 
a method is set forth in more detail below in Example 19. 

As noted above, within yet another aspect of the presem 
invenuon. vascular grafts are provided comprising a synthetic tube, the surface 
of which ,s coated with an anti-angiogenic composition as described above 
Briefly, vascular grafts are .synthetic tubes, usually made of Dacron or Gone.x 
inserted surgically to bypass arterial blockages, most frequentlv from the aortJ 
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to the femoral, or the femoral to the popliteal anery. A major problem which 
particularly complicates femoral-popliteal bypass grafts is the formation of a 
subendothelial scar-like reaction in the blood vessel wall called neointimal 
hyperplasia, which narrows the lumen within and adjacent to either end of the 
5 graft, aiid which can be progressive. A graft coated with or containing anti- 
angiogenic factors (or anti-angiogenic compositions, as described above) may be 
utilized to limit the formation of neointimal hyperplasia at either end of the 
graft. The graft may then be surgically placed by conventional bypass 
techniques. 

^0 Anti-angiogenic compositions of the present invention may also 

be utilized in a variety of other manners. For example, they may be 
incorporated into surgical sutures in order to prevent stitch granulomas^ 
implanted in the uterus (in the same manner as an lUD) for the treatment of 
menorrhagia or as a form of female birth control, administered as either a 

15 peritoneal lavage fluid or for peritoneal implantation in the treatment of 
endometriosis, attached to a monoclonal antibody direaed against activated 
endothelial cells as a form of systemic chemotherapy, or utilized in diagnostic 
imaging when attached to a radioactively labelled monoclonal antibody which 
recognizes activated endothelial cells. 

20 

The following examples are offered by way of illustration, and not 
by way of limitation. 
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EXAlVfPT F 1 
Preparation of Anti-Invasive Factor 


- The shoulder girdle and skuU from a dogfish , is excised, then 

scraped with a scalpel in order to remove all muscle and associated connective 
tissue from the cartilage. The carulage is then homogenized with a tissue 
gnnder, and extracted -by continuous stirring at room temperature for 2 to 5 days 
10 ^in a solution containing 2.0 M guanidium hydrochloride and 0.02 M MES at pH 
6.0. . 

After 2 to 5 days, the cartilage extraa is passed through gauze 
netting m order to remove the larger constituents. TTie filtrate is then passed 
through an Amicon ultrafiltration unit which utilizes spiral-wound cartridges 

15 widi a molecular weight cutoff of 100,000. n,e filtrate (containing proteins with 
a molecular weight of less than 100.000 daltons) is then dialyzed against 0 02 M 
MES buffer (pH6) with an Amicon ultrafiltration unit which retains proteins 
with a molecular weight of greater than 3.000 daltons. Utilizing thii method, 
low molecular weight proteins and constituents are removed, as well is 

.0 excessive amounts of guanidium HQ. The dialysate is concentrated to a final 
concentration 9 mg/ml. 
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EXA \TPr F7 

Analysis of Various Acevts for Anti-Anoiocenic Acnvrrv 
A- Chick ChorinaHantnif MemhranP ("Cam"V A^^ fiyc 

^^^i^i^d, domestic chick embryos were incubated for 3 days 
prior to shell-less culturing. In this procedure, the egg contents were emptied by 
removing the shell located around the air space. The interior sheU membrane 
was then severed and the opposite end of the shell was perforated to allow the 
contents of the egg to gently slide out from the blunted end. The egg contents 
were emptied into round-bottom sterilized glass bowls and covered ^th petri 
dish covers. These were then placed into an incubator at 90% relative humidity 
and 3% CO2 and incubated for 3 davs. 
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Taxol (Sigma, Sl Louis« MI) was mixed at concentrarions of 1, 5, 
10, 30mg per lOmI aliquot of 0.5% aqueous methylcellulose. Since taxol is 
insoluble in water, glass beads were used to produce fine particles. Ten 
microliter aliquois of this solution were dried on parafilm for 1 hour forming 
5 disks 2mm in diameter. The dried disks containing taxol were then carefully 
placed at the growing edge of each CAM at day 6 of incubation. Controls were 
obtained by placing taxol-free methylcellulose disks on the CAMs over the same 
time course. After a 2 day exposure (day 8 of incubation) the vasculature was 
examined with the aid of a stereomicroscope. Liposyn II, a white opaque 
10 solution, uras injected into the CAM to increase the visibility of the vascular 
details. The vasculature of unstained, living embryos were imaged using a Zeiss 
stereomicroscope which was interfaced with a video camera (Dage-MTI Inc 
Michigan City, IN). These video signals were then displayed at 160 times 
magnification and captured using an image analysis system (Vidas, Kontron; 
15 Etching, Germany). Image negatives were then made on a graphics recorder 
(Model 3000; Matrix Instruments, Orangeburg, NY). 

The membranes of the 8 day^old shell-less embryo were flooded 
with 2% glutaraldehyde in O.IM Na cacodylate bufifer; additional fixative was 
injected under the CAM. After 10 minutes in situ, the CAM was removed and 
20 placed into fresh fixative for 2 hours at room temperature. The tissue was then 
washed overnight in cacodylate buffer containing 6% sucrose. The areas of 
interest were postfixed in 1% osmium tetroxide for IS hours at 4°C. The 
tissues were then dehydrated in a graded series of ethanols, solvent exchanged 
urith propylene oxide, and embedded in Spurr resin. Thin sections were ciit with 
25 a diamond knife, placed on copper grids, stained, and examined in a Joel 
1200EX electron microscope. Similarly, 0.5 mm seaions were cut and stained 
with toluene blue for light microscopy. 

At day 11 of development, chick embryos were used for the 
corrosion casting technique. Mercox resin (Ted Pella, Inc., Redding, CA) was 
30 injected into the CAM vasculature using a 30-gauge hypodermic needle. The 
casting material consisted of 2.5 grams of Mercox CL-2B polymer and 0.05 
grams of catalyst (55% benzoyl peroxide) having a 5 minute polymerization 
time. After injection, the plastic was allowed to sit in situ for an hour at rooih 
temperature and then overnight in an oven at 65^C. The CAM was then placed 
in 50% aqueous solution of sodium hydroxide to digest all organic components. 
The plastic casts were washed extensively in distilled water, air-dried, coated 
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with gold/palladium, and viewed with the Philips 501B scanning electron 
microscope. 

Results of the above experiments are shown in Figures lA 
Bnefly, the general features of the normal chick shell-less egg culture are shown 
in Figure lA. At day 6 of incubation, the embryo is centrally positioned to a 
radially expanding network of blood vessels; the CAM develops adjacent to the 
embryo. These growing vessels lie close to the surface and are readily visible 
making this system an idealized model for the study of angiogenesis. Living. 

"°*^«d'=apilIarynetworksof the CAM can be imaged noninvasively with a 
10 siereomicroscope. Figure IB illustrates such a vascular area in which the 
ceUular blood elements within capillariei were recorded with the use of a 
video/computer interface. The 3-dimensional architecture of such CAM 
capillary networks is shown by the corrosion casting method aiid viewed in the 
scanmng electron microscope (Figure IC). These castings revealed underlying 
15 vessels which project toward the CAM surface where they form a single layer of 
anastomotic capillaries. .7 ui 

Transverse sections through the CAM show an outer eaodenn 
consisting of a double cell layer, a broader mesodermal layer containing 
capillaries which, lie subjacent to the ectoderm, adventitial cells, and anlnn^ 
20 smgle endodermal ceU layer (figure ID). At the electron microscopic level the' 
^ical struaural details of the CAM capillaries are demonstrated. Typically 
these vessels lie in dose association with the inner cell laver of eaoderm' 
(Figure IE) 

After 48 hours exposure to taxol at concentratioiis of 1 5 10 or 
25 30 mg, each CAM was examined under living conditions' ^Idth* a 
stereomicroscope equipped with a video/computer interface in order to 
evaluate the effects on angiogenesis. This imaging setup was used at a 
magnification of 160 times which permitted the direa visualization of blobd 
cells withm the capillaries; thereby blood flow in areas of imerest could be easily 
30 assessed and recorded. For this study, the inhibition of angiogenesis was 
defined as an area of the CAM devoid of a capillary network ranging from 2 - 6 
mm m diameter. Areas of inhibition lacked vascular blood flow and thus were 
only observed under experimental conditions of methylcellulose containing ' 
taxol; under control conditions of disks lacking taxol there was no effect on the 
developing capillary system. The dose-dependent, experimental data of the 
effects of taxol at different concentrations are shown in Table. II. 
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15 


Taxol Concentration /tg 


30 
10 
5 
1 


Embroys Eviiluated 
(Positive/Total) 
31/31 
16/21 
18/25 
6/15 


% Inhibition 

100 
76 

72 
40 


Cbntrol 


0/30 


'^yP''°^ taxol-treated CAMs (figures 2A and 2B) are shown with 
*e apparent .ethylcellulose disk centrally positioned over the ZX 
zone measunng 6 mn, i„ diameter. At a slightly higher magnification^ 

WuonaJ vessels were often redireaed away from the source of taxol (Fig^« 
noxTa c i °^ observ JS^; 

Wood .lands w,thm the avascular zone repr^enting the aggregation of Mood 

^ rAVf ^ associated morphological alterations of the taxol-treated 

CAM are readily apparent at both the light and electron microscopic leveL Fo 
convenience of presentation, three distinct phases of general LsiUon fi^l 
the normal to the avascular state are shown. Near the periphery of^e 

30 ^ ^ - of mitotic eel v^tl 

30 afl three genn layers (Figures 3A and 4A). TTus enhanced mitotic division ^ 
also a consistent observation for capillary endothelial cells. However T 

cells W th further degradation, the CAM is charaaerized by the breakdown 

35 LTut.t;;°"°'"'r-^"'^-^ presumptive en::^Z 

^nt^r • ! ^ relationship with 

blood ce s and lie subjacent to the ectoderm; however, these cells I Z 
luncnonally linked. H^e most central ponion of the avascular zone ^ 

4C). Although these layers were thickened, the cellular junaions remained 
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intact and the layers maintained their stniaural characteristics. Within the 
mesodenn. scattered mitotically arrested cells were abundant; these cells did 
not exhibit the endothelial cell polarization observed in the former phase Also 
throiighout this-avascular region. degeneraUng cells were common as noted by' 
tiie electron dense vacuoles and cellular debris (Figure 4C). 

_ In summary, this study demonstrated that 48 hours after taxol 
application to the CAM. angiogenesis was inhibited. The blood vessel itAibition 
'^slr^" -^-^^^P--^^*^ ^ ^hree transitional phases of 

^ols effect. The^central. most affected area of the avascular zone contained 
with extravasated red blood cells; this indicated^ 
mtercellular junctions between endothelial cells were absent. n,e cells of the 
endoderm and ectoderm maintained their intercellular junctions and therefore 

15 1 "^^^ '"^y '^^SMy thickened. As 

1 normal vascular area was . approached, the blood vessels retained their 
uncuonal complexes and therefore also remained intact. At the periphery of 
the taxol-treated zone, further- blood vessel growth was inhibited which^ 

arr.«.H • ^^°["^^''''''^ ^^"^ ^^o revealed an abundance of cells 

arrested m mtzosis m all three germ layers of the CAM; this was unique to taxo^ 
since no previous study has illustrated such an event. By being arrested .n 
muos.s^endothe,ial cells could not undergo their normal Ltaboiic iuSl^ 
involved m angiogenesis. In comparison, the avascular zone formed by suramin 
and comsone acetate do not produce mitotically arrested cells in the CAM- they 
only prevented further blood vessel growth into the treated area. Therefore 
«.en though agents,are anti-angiogenic. there are many points in which the' 
angiogenesis process, may be targetted. 

30 «nH • / ""''^ of over the 48 hour d^^^ 

30 and nouced that inhibition of angiogene.sis occurs as early as 9 hours after 
application. Histological sections revealed a similar morphology as seen in the 
fir« transition phas^of the avascular zone at 48 hours illustrated in fioure 3a 
and 4a. Also, we observed the revascularization process into the avascular zone 

35 heor ' — formed by 

heparin and angiostatic steroids became revascularized 60 hours after 
apphcanon. In our study, taxol-treated avascular zones did not revascularize for 
at least 7 days after application implying a more potent long-term effect 
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EXAMPTF^ 
Encapsulation OF Suramin 

5 

One miUiUter of 5% ELVAX (poly(ethylene-vinyl acetate) cross- 
linked with 5% vinyl acetate) in dichloromethane ("DCM") is mixed with a fixed 
weight of sub-micron ground sodium suramin. This inixture is injected into 5 ml 
of 5% Polyvinyl Alcohol ("PVA") in water in a 30 ml flat bottomed test tube. 
10 Tubes containing different weights of the drug are then suspended in a multi- 
sample water bath at 40» for 90 minutes with automated stirring. The mixes are 
removed, and microsphere samples taken for size analysis. Tubes are 
centrifuged at lOOOg for 5 min. The PVA supernatant is removed and skved for 
analysis (nonencapsulated drug). The microspheres are then washed (vortexed) 
15 in 5 ml of water and recentrifuged. The5 ml wash is saved for analysis (surfece 
bound drug). Microspheres are then wetted in 50 ul of methanol, and vortexed 
in 1 ml of DCM to disjsolve the ELVAX. The microspheres are then warmed to 
40"C. and 5 ml of 50"C water is slowly added with stirring. This procedure 
results in the immediate evaporation of DCM, thereby causing the release of 
20 sodium suramin into the 5 ml of water. All three 5 ml samples were then 
assayed for drug content. 

Sodium suramin absorbs uv/vis with a lambda max of 312mn. 
The absorption is linear in the 0 to 100 ug/ml range in both water and 5% PVA. 
The drug fluoresces strongly with an excitation maximum at 312nm, and 
emission maximum at 400nm. This fluorescence is quantifiable in the 0 to 25 
ug/ml range. 

Results are shown in Figures 5-10. Briefly, the size distribution of 
microspheres appears to be unaffected by inclusion of the drug in the DCM (see 
Figures 5 and 6). Good yields of microspheres in the 20 to 60 ^m range may be 
30 obtained. , 

The encapsulation of suramin is very low (< 1%) (see Figure 8). 
However as the weight of drug is increased in the DCM the total amount of 
drug encapsulated increased although the % encapsulation decrea.sed. As is 
shown in Figure 7, 50ug of drug may be encapsulated in 50 mg of ELVAX. 
35 Encapsulation of sodium suramin in 5% PVA containing 10% NaQ is shown in 
Figures 9-10. 
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EXAMPLE 4 

ENCAPSL'lAflON OfTaXOL 

5 Five hundred ihicrdgranis of either taxol or baccatin (a taxol 

analog, available- from Inflazyme Pharmaceuticals Incl. Vancbuver, British 
Columbia, Canada) are dissolved in 1 ml of a 50:50 ELVAX:poly-l-lattic add 
mixture in dcm. Microspheres are then prepared in a dissolution machine (Six- 
spindle dissolution tester, VanderKanp, Van Kell Industries Inc.. U.S.A.) in 
10 triplicate at 200 rpm, 42'C. for 3 hours. Microspheres so prepared are washed"^ 
twice in water and sized on the microsrape. 

Determination of taxol encapsulation is undertaken in a uv/vis 
assay (uv/vis lamda max. at 237 nm. fluorescence assay at excitation 237, 
emission at 325 nm; Fluorescence results are presented in square brackets [ ]). 
15 Utilizing the procedures described above.'58 /ig (+/-12 fig) [75 (ig (+ /-25 /ig)] 
of taxol may be encapsulated from' a total 500 ftg of starting material. This 
represents 12% (+/-2.4%) [15% (+/-5%)I of the original weight, or 1.2% (+/. 
0.25%) 113% (+/-0.5%)] by weight of the polymer. After 18 hours of tumbling 
in an oven at 37°G, 103% (+/-10%) [6% (+/-5.6%)J of the total taxol bad been 
20 released from the microspheres. 

For baccatin, 100- +/.15 ^g [83 +/-23/ig] df baccatin can be 
encapsulated from a total of 500 fig starting material. This represents a 20% 
( + /-3%) [17% ( + /-5%) of the original weight of baccatin, and 2% (+ /•03%) 
[1.7% ( + /-03%)] by weight of the polymer. After 18 hours of tumbling in an 
25 oven at 37=C 55% (+/-13%) (60% (+/- 23%)] of the baccatin is released from 
the microspheres. . 


* EXAMPLE ^ 

^ Analysis OF Surgical Paste Containing . 

Anti-Angiogemc Co.MPOsmoNs 

Fisher rats weighing approximately 300 grams are anesthetized, 
and a 1 cm transverse upper abdominal Incision Is made. Two-tenths of a 
35 milliliter of saline containing Ix 10^ jive 9L gliosarcoma cells (eluted 
immediately prior to use from tissue culture) are injected into 2 of the 5 hepatic 
lobes by piercing a 27 gauge needle 1 cm through the liver capsule. The 
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abdominal wound is dosed with 6.0 resorptible suture and skin dips and the GA 
terminated. 

After 2 weeks, the tumor deposits will measure approximately 1 
cm. At this time, both hepatic mmors are resected and the bare margin of the 
5 liver is packed with a hemostatic agent The rats are divided into two groups: 
half is administered polymeric carrier alone, and the other half receh^es an anti- 
angiogenic composition. 

Rats are sacrificed 2. 7, 14, 21 and 84 days post hepatic resection. 
In particular, the rats are euthanized by injecting Euthanyl into the dorsal vein 
10 of the tail. The liver, spleen, and both lungs are removed, and histologic 
analysis is performed in order to study the tumors for evidence of anti- 
angiogenic activity. 


15 EXAMPLES 

Embouzation* OF Rat Artbiues , 

Fisher rats weighing approximately 300 grams are anesthetized. 
Utilizing aseptic procedures, a 1 cm transverse upper abdominal incision' is 
20 made, and the liver identified. Two-tenths of a milliliter of saline containing 1 
million Uve 9L gliosarcoma ceils (eluted immediately prior from tissue culture) 
is injected into each of the 5 hepatic lobes by pierdng a 27 gauge needle 1 cm 
through the liver capsule. One-tenth of a milliliter of normal saline is injected 
into the needle as it is withdrawn to ensure that there is no spillage of cells into 
25 the peritoneal cavity. A pledget of gelfoam is placed on each of the puncture 
sites to ensure hemostasis. The abdominal wound is closed with 6.0 resorptible 
suture with skin dips, and the anesthetic terminated. The rat is returned to the 
animal care facility to have a standard diet for 14 days, at which time each 
tumor deposit will measure 1 cm in diameter. The same procedure is repeated 
30 using Westar rats and a Colon Cancer cell line (Radiologic Oncology Lab, M.D. 
Anderson, Houston, Texas). In this instance, 3 weeks are required post- 
injection for the tumor deposits to measure 1 cm in diameter each. 

After 2 or 3 weeks, depending on the rat species, the same general 
anesthetic procedure is followed and a midline abdominal incision is performed. 
35 The duodenum is flipped and the gastroduodenal anery is identified and 
mobilized. Ties are placed above and below a cutdown site on the midportion 
of the gasiroduodenal artery (GDA), and 0.038 inch polyethylene tubing is 
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20 
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30 
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introduced in a retrograde fashion, into the aaety using an operatine 
nucroscope. The tie below the insenion point will Ugatc the aneiy. Whfle the 

?T.nt" P'""- ^g'^S^^^y ^ performed by injecting 

0^ ml of 60% radiopaque contrast material through the catheter as an x-ray 
- taken. The hepatic artery is then embolized by refluxing parUdes measuring 15- 
200 um through the gastroduodenal arte^r catheter until flow, observed via the 
operating microscope, is seen to cease for at least 30 seconds. Occlusion of the 

iTet'^r?, " -P-^"S - angiogram through the GDA 

10 .^"'"""^ '^'^ procedure, one-half of the rats receive 15-200 ^n, 

particles of polymer alorie. and the other half receive 15-200 ^m particles of L 
polymer^nti-angiogenic factor composition. The upper GDA Ugature is 
nghtened to occlude the GDA as the catheter is withdrawn to ensure 
hemostasis, and the hepatic aaery (although embolized) is left intact TTie 
abdomen IS closed with 6.0 absorbable suture and surgical clips. ' 

The rats arc subsequently sacrificed at 2. 7. 14. 21 and 84 davs 
post-embolization in order to determine efficacy of the anti-angiogenic factoV 
Bnefly. general anesthetic is given, and utilizing aseptic precautions, a midline 
inas.on performed. Tl^e GDA is mobilized again, and after placing a ligature 
near the junction of the GDA and the hepatic artery (Le., well above the Se ;f 
the previous cutdown). a 0.038-inch polyethylene tubing is inserted via cutdown 
of the v^el and angiography is performed. The rat is then euthanized by 
mjecung Euthanyl into the dorsal vein of the tail. Once euthanasia is confirmed 
the hver is removed en bloc along with the stomach, spleen and both lungs. ' 

Histologic analysis is performed on a prepared slide stained with 
hematoxylin and eosin ("H and E") stain. Briefly, the lungs are sectioned at 1 
cm intervals to assess passage of embolic material through the hepatic veins and 
into the nght side of drculation. The stomach and spleen are also sectioned in 
order to assess inadvertent immobilization from reflux of partides into the 
celiac acr^sss of the collateral drculation. 


EXAMPf F7 
TRA^^SPLA^TA•^(»^• of Biliary Stents in Rats 

General anesthetic is administered to 300 gram Fisher rats A 1 
cm transverse indsion is then made in the upper abdomen, and the liver 
Identified. In the most superficial lobe. 0.2 ml of saline containing 1 million 
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celJs of 9L ghosarconia cells (eluted from tissue culture immediately prior to 
^) ^s xnjected via a 27 gauge needle to a depth of 1 cm into the liver Lull 
Hemostasis .s achieved after removal of the needle by pladng a pledget J 
gdfoam at the puncture sites. Saline is injected as the needle's rem«f«J ^ 
ensure no spillage of cells into the peritoneal cavity or along the needle trade 
general anesthetic is terminated, and the animal returned to ti,e animal 
care center and placed on a normal diet 

aseoti. n ' ^'"'"^ ^"«*etic is admimstered. and utilizing 

I a^Z ^"^^^ « ••d^n^ified through 

a mtdlme mas.on. A 16 gauge angiographic needle is then inserted through t£ 
hepauc capsule into the tumor, a 0.038-inch guidewire passed through ^ 
need e, and the needle withdmwn over the guidewire. A^umbe 5 I en^ 
ddator .s passed over the guide into the tumor and withdrawt. A number i 
French dehveiy catheter is then passed over ti,e wire contailg T se,/ 
expandmg stainless steel Wallstent (5 mm in diameter and 1 cTZ) ^1 
«ent « deployed into the tumor and the guidewire delivery cathelr iH L^d 
t^mo" a conventional stainless sted stent inserted i^ole 

sten coated w.th the polymer-anti-angiogenic factor compound. TT,e gene^ 
anestheuc .s .erminated and the rat returned to the animal care fadlity 
the r ^ X-ray is performed at 2 days in order to assess 

*e degree of stent opening. R-s are sacrificed at 2. 7, 14. 28 and 56 days^^ 
stent msernon by injeaing Euthanyl. and their livers removed en ti^ oZ 
euthanasia .s confirmed. After fixation in formaldehyde for 48 hours. ^Tuvc^^ 
^^oned at 0^ severing the stem t™^ „sl ^ 

fresh blade for each slice. Hi.stologic sections stained with H and E are 2n 
analyzed to assess the degree of tumor ingrowth into the stem lumel 
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EXAMPfF« 
Manvfacture of Microspheres 


35 


Equipment which is preferred for the manufacture of 

'''''' — iacketed beaker (Cax or 

Pyrex). Haake crculat.ng water bath, overhead stirrer and controller with 2^1 

giass beaker, hot plate/stirrer (Corning brand). 4 X 50 ml polypropyle^ 
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centnftige tubes (Nalgene). glass scintillation vials with plastic ir^en caps, table 
top centrifuge (GPR Beckman), high speed centrifuge floor model (JS 21 
Beckman) MetUer analyta'cal balance (AJ 100. 0.1 mg). Mettler digital top 
loading balance (AE 163. 0.01 mg), automatic pipetter (Gilson). Reagent 
Z '^^'y^P^'^^on* ("PCL- , mol wt 10.000 to 20.000; Polvsciences. 
Wamngton Pennsyh^nia. USA), "washed" Ethylene Vinyl Acetate' ("EVA" 
washed so as to remove the anti-oxidant BHT), Poly(DL)laaic acid fTLA" 
mol wt 15,000 to 25,000:, Polysciences). Polyvinyl Alcohol ("PVA" • nini 
^0 UsiTn^/'"*"'-^ 99% hydrolyzed; Aldrich Chemical Co.. Milwaukee 
10 USA). Dtchloromdthane (-DCM" or "methylene chloride": HPLC grade Hsher' 
saentific), and distilled water. 

A. Preparatinn nf S<g. (u//»/^ Pn\ymy^^ ftrlTUt -rTT 

Depending on the polymer solution jing prey ed, 1.00 a of PCL 
- S and washed EVA is weighed -.-ecily inba 2oS 

T"^- ■^"''"^ ^'^^^ -'^'^^d. and the vial 

ughtly capped. The vial is. stored at room temperature (25-C) for one hour 
(occasional shaking may be used), or until all the polymer has dissolved fthe 

:ri~:2 " -™ - 

^- PrenaraTion of 5g?, ^w/vi ^t pck .<;r>int.>n »f pa/^ 

'^^^"^-fi^^ g^^s °f PVA is weighed directly into a 600 ml glass 
bearer. F.ve hundred milliliters of distilled water is added, along with a 3 inch 
Teflon coated st.r bar. The beaker is covered with glass to decrease evaporation 
losses, and placed into a 2000 ml glass beaker containing 300 ml of water (which 
acts as a water bath). The PVA is stirred at 300 rpm at SS^C (Coming hm 
plate/stirrer) for 2 hours or until fully dissolved. Dissolution of the PVA mav be 
detennined by a visual check: the solution should be clear. The solution is Ln 
transferred to a glass screw top storage container and stored at 4-C for 


35 


maximum of two months. The solution, however should be warmed to room 
temperature before use or dilution. 
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20 


Procedurr fnr Prnrinfii^p | ^fern<ph^rf5 

Based on the size of microspheres being made (see Table 1) 100 
ml of the PVA solution (concentrations given in Table III) is placed into thj 200 
' ml water jacketed beaker. Haake circulating water bath is connected to this 
beaker.and the contents are allowed to equilibrate at 27'C (+/-10°C) for 10 
minutes. Based oil the size of nucrospheres being made (see Table ID) the 
Stan speed of the overhead stirrer is set. and the blade of the overhead stiirer 
pkicedhaif waydown in the PVAsoIution. The stirrer is then started, and 10 nd 
of polymer solution (polymer solution used based on type of microspheres beine 
produced) is then dripped into the stirring PVA over a period of 2 minutes using 
a s ml automatic pipetter. After 3 minutes the stir speed is adjusted (see Table 
III), and the solution stirred for an additional 2.5 hours. The stilting blade is 
then removed from the microsphere preparation, and rinsed with 10 ml of 
d.st.IIed water so that the rinse solution drains into the microsphere 
preparation. The microsphere preparation is then poured into a 500 mi beaker 
and the ja«*eted water bath washed with 70 ml of distilled water, which is also 
aUowed to dram into the microsphere preparation. The 180 ml microsphere 
preparation is then stirred with a glass rod. and equal amounts are poured toto 
four polypropylene 50 ml centrifuge tubes. The tubes are then capped and 
cenmfuged for 10 minutes (force given in Table 1). A 5 ml automat^pipetter 
or vacuum suction is then utilized to draw 45 ml of the PVA solution off of each 
microsphere pellet. 
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TABLE III 

PVA concentrations, stir speeds, and centrifugal force requirements for each 
diameter range of microspheres. 


PRODUCTION 
STAGF 


MICROSPHERE DIAMETER RANGES 


30 um to lOOf im 


10 am tn ^O um 


OA imtn'^ fi^ 


PVA 

Concentration 


2^% (w/v) (ie., 
dilute 5% stock 
with diistilled watej 


5%(w/v)(£e., 
undiluted stock) 


3S% (w/v) 
dilute 5% stock 
with disdllcd water 


Starting Stir 

Srieed 


500 rpm 
+/-50 rpm 


500 rpm 
+/-50 rpm 


3000 rpm 
+/-200 ipm 


Adjusted Stir 
Speed 


500 rpm 
+/-50 rpm 


500 rpm 
+ /- 50 rpm 


2500 rpm 
+ /- 200 rpm 


Centrifuge Force 


1000 g 
+/-100g 
(Table top model) 


1000 g 
+/• 100 g 
(Table top model) 


lOOOOg 

+A 1000 g 

(High speed 
model) 


30 


35 


40 


Five milliliters of distilled water is then added to each centrifuge 
tube, which is then vonexed to resuspend the microspheres. The four 
microsphere suspensions are then pooled into one centrifuge tube along with 20 
ml of distilled water, and centrifuged for another 10 minutes (force given in 
Table 1). This process is repeated two additional times for a total of three 
washes. The microspheres are then centrifuged a final time, and resuspended in 
10 ml of distilled water. After the final wash, the microsphere preparation is 
transferred into a preweighed glass scintillation vial. The vial is capped, and left 
ovenught at room temperature (25»C) in order to allow the microspheres to 
sediment out under gravity. Microspheres which fall in the size range of 0.1 um 
to 3 um do not sediment out under gravity, so they are left in the 10 ml 
suspension. 
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D. Drying of 10 urn to 30 urn or 30 am in 100 urn Diameter 
Microspheres 

After the microspheres have sat at room temperature overnight, a 
5 5 ml automatic pipetter or vacuum suction is used to draw the supernatant off of 
the sedimented microspheres. The microspheres are allowed to dry in the 
uncapped vial in a drawer for a period of one week or until they are fixUy dry 
(vial at constant weight). Faster drying may be accomplished by leaving the 
imcapped vial under a slow stream of nitrogen gas (flow approx. 10 ml/min.) m 
10 the fume hood. When fully dry (vial at constant weight), the vial is weighed and 
capped. The labelled, capped vial is stored at room temperature in a drawer. 
Microspheres are normally stored no longer than 3 months. 

E. Drying of 0. 1 am to 3 am Diameter Microspheres 

15 

This size range of microspheres will not sediment out, so they are 
left in suspension at 4°C for a maximum of four weeks. To determine the 
concentration of microspheres in the 10 ml suspension, a 200 /il sample of the 
suspension is pipetted into a 1.5 ml preweighed microfiige tube. The tube^is 
20 then centrifuged at 10,000 g (Eppendorf table top microfiige), the supernatant 
removed, and the tube allowed to dry at SO^'C overnight. The tube is then 
reweighed in order to determine the weight of dried microspheres within the 
tube. 

25 F. Maniifactiire oFTaxol Loaded Microsphere 

In order to prepare taxol containing microspheres, an appropriate 
amount of weighed taxol (based upon the percentage of taxol to be 
encapsulated) is placed direaly into a 20 ml glass scintillation vial. Ten 
30 milUiiters of an appropriate poljoner solution is then added to the vial 
containing the taxol, which is then vonexed until the taxol has dissolved. 

Microspheres containing taxol may then be produced essentially 
as described above in steps (C) through (E). 

35 
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EXAlVfPT F 0 

MA.>fUFACTURE OF StENT CbATTNC 


10 


Reagents and equipment which are utiHzed wirhin th- pah • 
«P«i.^» toctoe („«aca> grade s..n. obuined co-Ier^^^rt a S 

^es, ,„b.s (various rro™ > „>, and up,, baalle. (Si s^ 

«uvl a„a,e ( EVA - washed - see previous). Poly(DL)laaic acid |~PLA- „„, 


15 


Proceriiirff for 5;prnw.H tlr^y^Tf 


25 


30 


35 


The following describes a lypicaJ method iicino , ^ 
dian,=,er i„,er,eavi„g„e,a, Wire stem of^lrl 3X1^ 
'^--,.,argerv„,„„esofpcwl,s„ru"r.r^^- ^""^ 

vialaadaddsuffirjl^M'rr'"" ° '^"^ 

w duiijc^jeni UL^M to achieve a 2% w/v solutinn r-nr^ • t 

ver^c,, „„.e„,a,io„. T^i. ca„ ^ a J,„p,is»edtS a " M ' J ' 

a reservoir. Connect the nitrogen tank to the gas inlet nf th^ 

sdL .h "•""S"'"" "« procedure To 

sprays. After . sprays. ro,a,e .he s.en, and spray ,ha. p„nio„ of d.e 
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Repeat unUJ all sides of the stem have been sprayed. During the dry time 
finger crimp the gas hne to avoid wastage of the spray. Spraying is continued' 
untd a suitable amount of polymer is deposited on the stents. The amount may 
be based on the specific stent application m vivo. To determine the amount 
weigh the stent after spraying has been completed and the stem has dried 
Subtract the origimil weight of the stem from the finished weight and this' 
produces the amoum of polymer (plus taxol) apphed to the stent Store the 
coated stent in a sealed container 

^® B. Procedure for nipp^^ <t^^^^^ 

The following describes a typical method using a 3 mm crimDed 
diameter mterleaving metal wire stem of approximately 3 cm length. For la«er 

15 tZZ r: ■ ^ ^- 

ml of nr M T^^u ^ ^ ' ^'^^ "intiUation vial and add 20 

ml of DCM. Cap the vial and leave it for 2 hours to dissolve (hand shake the 
vtal frequently to assist the dis.,oIving process). Weigh a kno J weight o^Uo 

1^ T pumping the polymef 

soluuon. Once the taxol is dissolved, hold the test tube in a near ho^^ 
posuton (the sticky polymer solution will not flow out). Using "e"«rs^^ 
U^estemintothenibeallthewaytothebottom. Allow the pc^vl^ToL" to 
flow ahnost to the mouth of the test tube by angling the moufh ^elow hoZtL 
sTl '"^ ^° ^" angle slightly above the horizontal.^^ 

slow^rptmg the stem in the tube, slowly remove the stem (approximate^^; 

How the stem in a vertical position to dty. Some of the 
P^o^ao^ .ay^;, so a h„te i. ^ con Jous sbe^ , A^^^ 

repeiiuon of the procedure can also lead ra fiinher popping »ul a ~„„i 
--n buildup Of p„„„«. Ge„e„,.,.i,.5e..er.„di;rjn^,on^ 
» cu „„, a seaion of s„n, ,ha, ha., „„ popped perforaUoa,. S Je *e dT„!^ 
stem in a sealed conminer. "re me dipped 
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EXAMPLE 10 
Manufacture of Surgical "Pastes" 

As noted above, the present invention provides a variety of 
S polymeric-containing drug compositions that may be utilized within a varies of 
clinical situations. For example, compositions may be produced: (1) as a 
"thermppaste" that is applied to a desired site as a fluid, and hardens to a solid 
of the desired shape at a specified temperature (e.g., body temperature); (2) as a 
spray (Lc, "nanospray") which may delivered to a desired site either directly or 
. 10 through a specialized apparatus (cg.^ endoscopy), and which subsequently 
hardens to a solid which adheres to the tissue to which it is applied; (3) as an 
adherent, pliable, resilient, angiogeneis inhibitor-polymer film applied to a 
desired site either directly or through a specialized apparatus, and which 
preferably adheres to the site to v/hich it is applied; and (4) as a fluid composed 
15 of a suspension of microspheres in an appropriate carrier medium, which is 
applied to a desired site either directly or via a specialized apparatus, and which 
leaves a layer of microspheres at ihe application site. Representative examples 
of each of the above embodiments is set forth in more detail below. 

20 A.^ Procedure for Producing Thermopaste 

Reagents and equipment which are utilized within the following 
experiments include a sterile glass syringe (1 ml). Corning hot plate/stirrer, 20 
ml glass scintillation vial, moulds (cj., 50 m1 DSC pan or 50 ml centrifuge tube 
25 cap inner portion), scalpel and tweezers, Polycaprolactone ("PCL" - mol wt 
10,000 to 20,000; Polysciences, Warrington, Pennsylvania USA), and Taxol 
(Sigma grade 95% purity minimum). 

Weigh 5.00 g of polycaprolactone directly into a 20 ml glass 
scintillation vial. Place the vial in a 600 ml beaker containing 50 ml of water. 
30 Gently heat the beaker to 65*'C and hold it at that temperature for 20 minutes. 
This allows the polymer to melt. Thoroughly mix a known weight of taxol, or 
other angiogenesis inhibitor into the melted polymer at 65*^0 Pour the melted 
polymer into a prewarmed (60°G oven) mould. Use a spatula to assist with the 
pouring process. Allow the mould to cool so the polymer solidifies. Cut or 
35 break the polymer into small pieces (approximately 2 mm by 2 mm in Size). 
These pieces must fit into a 1 ml glass syringe. Remove the plunger from the 1 
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ml glass syringe (do not remove the cap from the tip) and place it on a balance 
Zero the balance. "«uance. 

PI,., ru , ^^'^^ ^ °^ ''•'""y °P«" of the syringe 

mce the glass synnge upright (capped tip downwards) into a 500 ml irfL 

e^rrr^T '2"'' "^^^ " '''"^ ^^"''"^ p'-«> - - 

enters the barrel. The polymer melts completely within 10 minutes in this 

h^r T ''^^^^ ^'"^"^ '^^^ "^^'"^ ^ 

Ze . " ^^"^^^ P»«nger into the 

10 L T ^'''^ "'^'^-d Po'y-" into a sticky mass at the tip end of L 

10 barrel. Cap the syringe and allow it to cool to room temperamre. 

For application, the syringe may be reheated to 60°C and 

admrnistered as a liquid which soh'difies when cooled to body temperature 

^- Procedure for Pmrfurin, ^XT,n^^■^ri^Y 

Nanospray is a sujspension of small microspheres in sahne If the 
microspheres are ve^ small O'c under 1 .n, in diameter) they form a coUoIl L 

detail below, a suspension of O.I ^n, to 1 micropanides may be creat;! 

onto tissue through a r^^^^ 
and matenals whacb may be utilized to produce nanospray include 200 mlCaS 
jacketed beaker (Kimax or PVrex), Haake circulating water bath oVerlerj 
stirrer and controller with 2 inch diameter (4 blade, propeller typ sLeTs 3^^^^ 

X 50 ml pol>propy,ene centrifuge tubes (Nalgene), glass scintillation vials J^th 

* ifw, 0.01 mg). automatic p petter (Gilson^ 

stenle p.pene .ips. pu„p .„i„„ aerosol (Pfeiffe, pha^^ceLcalsf^ mi 
lamn,ar flow , cod, Po,y=.prolaao„. (TCL- - mo, w, ,0.000 „ 

V.^ Ac.,,. (-EVA-). Po„(DL,.aa,c acid (-PLA" mo, w, ,5,000 o^S^ 
Polysc,=„,c=s). Poiyvin,, Alcoho, (-PVA- - „,o, „. ,24.000 ,o 186 1^ 
; A,dr,.. o,^^ Co. M„.a„^, W, USA). DlJZ;*!! 

( DCM or n.=.h.vle„c chloride:- HPLC grade Fisher sciemific).Dis,akdw,«r 
Slenle sahne (Becion and Dicken.,„„ or equivalem) '^Itel »ater. 


CI HSCTin rm #^1 
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1. Preparation of 5% (w/v) Polymer Solutioru 
Depending on the polymer solution beiiig prepared, weigh 1 00 n 
of PCL or PLA or 030 g each of FLA and washed EVA directly into a 20 nJ 
glass scintiUation vial. Using a measuring cylinder, add 20 ml of DCM and' 
tightly cap the vial. Leave the vial at room temperature (25-C) for one hour or 
until all the polymer has dissolved (occasional hand shaking may be used) 
Dissolnng of the polymer can be determined by a visual check; the solution 
should be clear. Label the vial with the name of the solution and the date it was 
produced. Store the solutions at room temperature and use within two weeks. 

-• P^Pa^ion of 3.5% (w/v) Stock Solution of PVA 
The solution can be prepared by following the procedure given 
below, or by diluting the 5% (w/v) PVA stock solution prepared for produaion ' 
of microspheres (see Example 8). Briefly, 1 To g of PVA is Weighed directiy into 
a 600 ml glass beaker, and 500 ml of distilled water is added. Place a 3 inch 
teflon coated stir bar in the beaker. Cover the beaker with a cover glass to 
reduce evaporation losses. Place the beaker in a 2000 ml glass beaker 
contammg300mlofwater. This Will aa as a water bath. Stir the PVA at 300 
ipm at 85»C (Coming hot plate/stirrer) for 2 hour^ or until fully dissolved 
Dissolving of the PVA can be determined by a visual check; the solution should 
be clear. Use a. pipette to transfer the solution to a glass screw top storage 
container and store at 4-C for a maximum of two months. This solution shouW 
oe warmed to room temperature before use or dilution. 

3. Procedure for Producing Nanospray 

i ^or pw A r**''' ^^"'""^ ^'^""''^ ^ '^'^^e of the 

3.5% PVA solution in the 200 ml water jacketed beaker. Connect the Haake 
water bath to this beaker and allow the contents to equilibrate at -^TC (+ / i»C) 
for 10 minutes. Set the start speed of the overhead stirrer at 3000 rpm (+ /. 200 
xpm). Place the blade of the overhead stirrer half way down iii the PVA 
solution and start the stirrer. Drip 10 ml of poly- er solution (polymer solution 
used based on type of nanospray being produced) into the stirrina PVA over a 
penod of 2 minutes using a 5 ml automatic pipetter. After 3 minutes, adjust the 
st«r speed to 2500 rpm ( + /- 200 rpm) and leave the assembly for 2 5 hours 

' ? in"* """"^P^^y Preparation and 
nnse with ,0 ml of di..tilled water. Allow the rin.se solution to go into the 
nanospray preparation. 
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Pour the microsphere preparation into a 500 ml beaker. Wash 
the jacketed water bath with 70 ml of distilled water. Allow the 70 ml rinse 
solution to go into the microsphere preparation. Stir the 180 ml microsphere 
preparation with a glass rod and pour equal amounts of it into four 
5 polypropylene 50 ml centrifuge tubes. Cap the tubes. Centrifuge the capped 
tubes at 10 000 g (+/- 1000 g) for 10 minutes. Using a 5 ml automatic pipetter 
or vacuum suction, draw 45 ml of the PVA solution off of each microsphere 
pellet and discard it. Add 5 ml of distilled water to each centrifuge tube and use 
a vonex to resuspend the microspheres in each tube. Using 20 ml of distilled 
10 water, pool the four microsphere suspensions into one centrifuge tube. To wash 
the microspheres, centrifuge the nanospray preparation for 10 minutes at 10 000 
g (+/• 1000 g). Draw the supernatant off of the microsphere pellet. Add 40 ml 
of distilled water and use a vortex to resuspend the microspheres. Repeat this 
process two more times for a total of three washes. Do a fourth wash but use 

15 only 10 ml (not 40 ml) of distilled water when resuspending the microspheres. 
After the fourth wash, transfer the micro.sphere preparation into a preweighed 
glass scintillation vial. 

Cap the vial and let it to sit for 1 hour at room temperature (25°P) 
to allow the 2 ^m and 3 fim diameter microspheres to sediment out under 

20 gravity. After 1 hour, draw off the top 9 ml of suspension using a 5 ml automatic 
pipetter. Place the 9 ml into a sterile capped 50 ml centrifuge tube. Centrifuge 
the suspension at 10 000 g ( + /- 1000 g) for 10 minutes. Discard the supernatant 
and resuspend the pellet in 20 ml of sterile saline. Centrifuge the suspension at 
10 000 g ( + /• 1000 g) for 10 minutes. Discard the supernatant and resuspend 

25 the pellet in sterile saline. The quantity of saline used is dependent on the final 
required suspension concentration (usually 10% w/v). Thoroughly rinse the 
aerosol apparatus in sterile saline and add the nanospray suspension to the 
aerosol. 

30 C. Manufacture of Taxol Loaded Nanosorav 

To manufacture nanospray containing taxol, use Taxol (Sigma 
grade 95% purity). To prepare the polymer drug stock solution, weigh the 
appropriate amount of taxol directly into a 20 ml gla.ss scintillation vial. The 
35 appropriate amount is determined ba.sed on the percentage of taxol to be in the 
nanospray. For example, if nanospray containing 5% taxol was required, then 
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added IS 10 ml of a 5% polymer in DCM solution (see next step). 

onnr,- ' u ''''' appropriate 5% polymer solution to the vial 

5 ^Tr' . t '^'^ °^ ^-'^ « to dissolve the 

^'^"^^"'^ *° Label the vial with the date it >vas 

produced. This is to be used the day it is produced. 

Follow the procedures as described above, exceot that 
polymer/drug (e.g., taxol) stock solution is subsdtuted for the polymer soLoa 

D- Proceriiirp fnr Prr^f jucin^ Fflm 

The term film refers to a polymer formed into one of manv 
SrroT'f- ^^"''"r ^ of poller or a 2^ 
.1 7 '"-P-"-" """S « r*'=-=a fro™ .he poller over p. J " 

»mc a, rte Rl™ „,ay he „ad. b, sev.„, proc.««. induding to 

example, by casting, and by spraying. ^ 

In the casting technique, polymer is either melted and poured into 
a sha.e or dissolved in dichloromethane and poured into a shape. iTe po^^^ 
» then etther solidifies as it cools or solidifies as the solvent^apo^T 
respectively. ,n the spraying technique, the polymer is dissolved i so^^^^d 

n: ed"° " f «^ - 

frrrgir''"' ^ ^ - p-m 

Reagents and equipment which were utilized within these 

'"^'"t^ ^ T" ^^"^^"^ P'^'^ casting -^fds 

(e^.. 50 ml centnfuge tube caps) and mould holding apparatus. 20 ml class 
scmunauon vial with-cap (Plastic iH.sert type). TLC atomizer. Nitrogen g^ 

plmTf P-'-) Ethylene viny/acetate 

(EVA ). Poly(DL)lact.c ac.d ("PLA" - mol wt 15.000 to 25.000; Polysciences) 
„ Dichloromethane (HPLC grade Fisher Scientific). 

1. Procedure for Producing Filnvi. Melt Casting 

Place .h K ^"'2''' "fPCL directly into a small glass beaker 

Place the beaker m a larger beaker cc.ntaining water (to act as a water bath) and 
put u on the ho. plate at 70»C for 15 minutes or until the polymer ht f^^y 
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melted. Add a known weight of drug to the melted polymer and stir the mixture 
thoroughly. To aid dispersion of the drug in the melted PCL, the drug may be 
suspended/dissolved in a small volume (<10% of the, volume of the melted 
PCL) of 100% ethanol. This ethanol suspension is then mixed into the melted 
polymer. Pour the melted polymer into a mould arid let it to cool. After 
cooling, store the film ili a container. 

2. Procedure for Producing Films - Solvent Casting 
Weigh a known weight of PCL directly into a 20 ml glass 
scintfllauon vial and add sufficient DCM to achieve a 10% w/v soluuon. Cap 
the vial and mix the solutioa Add sufficient taxol to the solution to achieve the 
desired final taxol concentration. Use hand shaking or vonexing to dissolve 
the taxol in the solution. Let the solution sit for one hour (to duninish the 
presence of air bubbles) and then pour it slowly into a mould. The mould used 
is based on the shape required. Place the mould in the fume hood overnight. 
Tliis will allow the DCM to evaporate. Either leave the film in the mould to 
store it or peel it out and store it in a sealed container. 

3. Procedure for Producing Films - Sprayed 
^ ^«»Sh sufficient polymer directly into a 20 ml glass sdntfllation 

vial and add sufficient DCM to achieve a 2% w/v solution. Cap the vial and mix 
the solution to dissolve the polymer (hand shaking). Assemble the moulds in a 
venical orientation in a suitable mould holding apparatus in the fume hood. 
Position this mould holding apparams 6 to 12 inches above the fume hood floor 
25 on a suitable support (e.^.. inverted 2000 ml glass beaker) to enable horizontal 
spraying. Using an automatic pipette, transfer a suitable volume (minimum 5 
ml) of the 2% polymer solution to a separate 20 ml glass scintillation viaL Add 
sufTident taxol to the solution and dissolve it by hand shaking the capped vial. 
To prepare for spraying, remove the cap of this vial and dip the barrel (only) of 
30 an TLC atomizer into the polymer solution. Note: the reservoir of the atomizer 
is not used in this procedure - the 20 ml gla.s.s vial acts as a reservoir. 

Connect the nitrogen tank to the gas inlet of the atomizer. 
Gradually increase the pressure until atomization and spraying begins Note the 
pressure and use this pressure throughout the procedure. To spray the moulds 
35 use 5 second oscillating spray.s with a 15 second dry time between sprays. 
During the dry time, finger crimp the gas line to avoid wastage of the spray. 
Spraying is continued until a suiuble thickness of polymer is deposited on the 
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mould. The thickness is based on the request Leave the sprayed fflms attached 
to the moulds and store in sealed containers. 

Procediirft for Prndnri ng Nannpastft 

Nanopaste is a suspension of microspheres suspended in a 
hydrophilic gel. Within one aspect of the invention, the geJ or paste can be 
smeared over tissue as a method of locating drug loaded microspheres dose to 
the target tissue. Being water based, the paste will soon become diluted with 
bodUy fluids causing a decrease in the stickiness of the paste and a tendency of 
the microspheres to be deposited on nearby tissue. A pool of microsphere 
encapsulated drug is thereby located close to the target tissue. 

Reagents and equipment which were utilized within these 
experiments indude glass beakers. Carbopol 925 (pharmaceutical grade 
Goodyear CHiemical Co.). distilled water, sodium hydroxide (1 M) in water 
solution, sodium hydroxide solution (5 M) in water solution, microspheres in the 
0.1 /tm to 3 Atm size range suspended in water at 20% w/v (See previous). 

1. Preparation of S% w/v Carbopol Gel 
Add a suffident amount of carbopol to 1 M sodium hydroxide to 
acAieve a 5% w/v solution. To dissolve the carbopol in the 1 M sodium 
hydroxide, allow the mixnire to sit for appraximately one hour. Dunn- this time 
penod. sor the mixture using a glass rod. After one hour, take the pH of the 
mixture. A low pH indicates that the carbopol is not fiilly dissolved The pH 
you want to achieve is 7.4. Use 5 M sodium hydroxide to adjust the pH This is 
accompUshed by dowfy adding drops of 5 M sodium hydroxide to the mixmre 
^ stimng the mixmre and taking the pH of the mixmre. It usuaUy takes 
- approxmiately one hour to adjust the pH to 7.4. Once a pH of 7.4 is adiieved 
cover the gel and let it sit for 2 to 3 hours. After this time period, check the pH 
to ensure it is still at 7.4. If it has changed, adjust back to pH 7.4 using 5 M 
sodium hydroxide. Allow the gel to sit for a few hours to ensure the pH is stable 
at 7.4. Repeat the process until the desired pH is achieved and is stable Label 
the container with the name of the gel and the date. TTie gel is to be used to 
make nanopaste within the next week. 
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2. Procedure for Producing Nanopaste 

5 n«{„„ o „, ^ ^ mj oi tfte 20% microsphere suspension to the bealr«r 

microspheres throughout the gel. This usually takes 30 minf. T 
microspheres are dispersed in The gel place ^fJt ^« 
-eiarat4»C Ittnus^l,eusedw.thr;^::er;^^^^^ 


10 


. EXAMPT F 1 ^ 

^^^g«°^ which were utilized in the<e \-vn^«w • V ^ ' 

weight 15.000-25.000) and EVA r60% J„„, , 
Polysciences (Wam„g,on PaT „„, ^ 7^ '■'^"'^ from 

25 124.0O(.,86O0O wf hvdr^ T <""°''™tar weigb, 

Prepararinn of niiV^cph^p^^ 
posmon overhead stirrer dissolution t«.- '^'^ are assembled in a six 
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temperature to 40*'C over 15 min and held at 4(fC for 2 hours. Vials are 
centrifuged at 50Qxg and the microspheres washed three times in water. At 
some EVArPLA polymer blends, the microsphere samples aggregated during 
the washing stage due to the removal of the dispersing or emulsifying agent, 
S PVA. This aggregation effea could be analyzed semi-quantitatively since 
aggregated microspheres fiised and the fused polymer mass floated on the 
surface of the wash water. This sur&ice polymer layer is discarded during the 
wash treatments and the remaining, pelleted microspheres are weighed. 
The % aggregation is determined from 

10 

% aggregation = 1- ^weight of pelleted microspheres^ x lOf) 
initial polymer weight 

Taxol loaded microspheres (0.6% w/w taxol) are prepared by 
15 dissolving the taxol in the 5% w/v polymer solution in DCM. The polymer 
blend used is 50:50 EVAzPLA. A "large" size fraction and "small" size fraction 
of microspheres are produced by adding the taxol/polymer solution dfopwise 
into 2.5% w/v PVA and 5% w/v PVA, respectively- The dispersions are stirred 
at 40°C at 200 rpm for 2 hours, centrifuged and washed 3 times in water as 
20 described previously. Microspheres are air dried and samples are sized using an 
optical microscope with a stage micrometer. Over 300 microspheres are 
counted per sample. Control microspheres (taxol absent) are prepared and 
sized as described previously. 

25 B. Encapsulation efficiency 

Known weights of taxol-loaded microspheres are dissolved in 1 
mL DCM, 20 mL of 40% acetonitrile in water at S(fC are added and vortexed 
until the DCM had been evaporated. The concentration of taxol in the 40% 

30 acetonitrile is determined by HPLC using a mobile phase of 
watenmethanohacetoniirile (37:5:58) at a flow rate of 1 mL/min (Beckman 
isocratic pump), a C8 reverse phzise column (Beckman) and UV detection at 
232 nm. To determine the recovery efflciency of this extraction procedure, 
known weights of taxol from 100-1000 fig are dissolved in 1 mL of DCM and 

35 subjected to the same extraction procedure in triph'caie as described previously. 
Recoveries are always greater than 85% and the values of encapsulation 
efficiency are corrected appropriately. 
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C Drug release studies 

In 15 mL glass, screw capped tubes are placed 10 mL of 10 mM 
phosphate buffered saline (PBS), pH 7.4 and 35 mg taxol-Ioaded microspheres. 
The tubes are tumbled at 3TC and at given time intervals, centrifiiged at 150Qxg 
for 5 min and the supernatant saved for analysis. Microsphere pellets are 
resuspended in fresh PBS (lOmL) at 3TC and reincubated. Taxol 
concentrations are determined by extraction into 1 mL DCM followed by 
evaporation to dryness under a stream of nitrogen, reconstimtion in 1 mL of 
40% acetonitrile in water and analysis using HPLC as previously described. 

D. Scanning Etectrnn Micrnscnpv r<;FK4) 

Microspheres are placed on sample holders, sputter coated with 
gold and micrographs obtained using a Philips 501B SEM operating at 15 kV. 

E. CAM Snidies 

20 Fertilized, domestic chick embryos are incubated for 4 days prior 

to shelUess culturing. The egg contents are incubated.at 90% relative humidity 
and 3% CC)2 for 2 days. On day 6 of incubation, 1 mg aliquots of 0.6% taxol 
loaded or control (taxol free) microspheres are placed directly on the CAM 
surface. After a 2 day exposure the vasculature is examined using a 

25 stereomicroscope interfaced with a video camera; the video signals are then 
displayed on a computer and video printed. 

F. Resulis 

30 Microspheres prepared from 100% EVA are freely suspended in 

solutions of PVA bui aggregated and coalesced or fused extensively on 
subsequent washing in water to remove the PVA. Blending EVA with an 
increasing proportion of PLA produced microspheres showing a decreased 
tendency to aggregate and coalesce when washed in water, as described in 

35 Figure ISA. A 50:50 blend of EVAiPLA formed microspheres with good 
physical stability, that is the microspheres remained discrete and well suspended 
with negligible aggregation and coalescence. 
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TTie Size range for the "smaU" size fraaion microspheres is 
determined to be >95% of the microsphere sample (by weight) between 10-30 
»jm and for the "large- size fraction. >9S% of the sample (by weight) between 

5 ^InlT"' ^*'P"«^*°^^»''^« ^"^''g «'"tron micrographs of taxol loaded 
50:50 EVA:PLA microspheres in the "small" and "large" size ranges are shown in 
Figures 15B and 15C. respectively. The microspheres are spherical with a 
smooth surface and with no evidence of solid drug on the suiface of the 
microspheres. The efficiency of loading 50:50 EVArPLA microspheres with 
. taxol IS between 95-100% at initial taxol concentrations of between 100-1000 mg 
10.: taxol per 50 mg polymer. There is no significant difference (Student t-test, p 
<0.05) between the encapsulation efficiendes for either "small" or "larffe- 
microspheres. : ^ 

The time course of taxol release from 0.6% w/v loaded 50-50 
EVArPLA microspheres is shown in Figure 15D for "small" size (open circles) 
15 and "large" size (closed circles) microspheres. Tlie release rate studies are ' 
earned out in triplicate tubes in 3 separate experiments. The release proffles 
are biphasic with an initial rapid release of taxol or "burst" phase occurring over 
the first 4 days from both size range microspheres. This is foUowed by a phase 
of much slower release. There is no significant difference between the release 
20 rates from "small" - "large" microspheres. Between 10-13% of the total taxol 
content of the mic/ ;.. r.heres is released in 50 days. 

The taxol loaded microspheres (0.6% w/v loading) are tested 
usmg the CAM assay and the results are shown in Figure 15E. The taxol 
microspheres released sufficiem drug to produce a zOne of avascularity in the 
25 surrounding tissue (Figure 15F). Note that immediately adjacem to the 
microspheres ("MS" in Figures 15E and 15F) is an area in which blood vessels 
arc completely absem (Zone 1); further from the microspheres is an area of 
disrupted, non-functioning capillaries (Zone 2); it is only at a distance of 
approximately 6 mm from the microspheres that the capiUaries retun; to 
normal. In CAMs treated with control microspheres (taxol absent) there is a 

norma] canillnrv 


norma] capillary network architecture. 
Discu.S5;inn 


«5t 

Arterial chemoembolization is a invasive surgical technique 
Therefore, ideally, a chemoembolic formulation of an anti-angiogenic and 
anticancer drug such as taxol would relea.se the drug at the tumor site at 
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b.=„ used «„„s^.tlr r^Zf,!^?r"'T^'° 
long toe periods ( > 100 C) °^ of macromstecules o«r 

toxicologically acceotable nrnrf..^e ^ . aegrade by hydrolysis to 

^■non.hs. I)oningera„dSawa„blendedP^ *,tT;! "^^^ 
U *' *«n>daiion Kfednie of PIA U increased 

b-eadisincrease^ •"■^s~XX1o,eCI3^^1'T " 
o polymer matrixwitjihemrm.^ • ■ J"*"'*'^ PLA should provide 
n.«s d^ fuT ^ «'»■">' °' "n-S release 

^ BVA:PLA ble'^^^e^teTl tlel-T"' 

-pensions. Blends of ^ oUerBV^LrrrPI^ 

Pl?..cally stable microsphere suspensions in wallr or ra^A m 

EVA.PLA is selected for all subsequent sSi^ ^ °' "^-^O 

- ^*-^s*^t::::ir.o7Stre::,sr^^^^^^ 

■Sn«ll- microspheres are produced a, the higher PVA^n """^ 
"^ereas ^ge- microspheres are pr«iuX ^ ^Tp^" ^ 
producuon variables are the f» u ^ . ' ^ 

i^er concentratio emu,re " a m"""^'"' 
» n»dium and produced .J^,n 7 f '"^'''"~'«'«sp«nioa 

-crosphe^s It^ine^ be^^^ „^'S^TTe - , 
organic pbase encapsulated within , e Slid ^^JXel"";^'^^^^^ '° 
solubility of ia«ol favoured Danli,V,n,n. • ''"^"""^P"""- The low water 
! polymer. Pan,„o„,ng ,u,o the otganic phase containing the 

Release rates of laxol f„,m the 50:50 EVA PI A „■ ,. 
vet^slowwid-iessthun of the loaded being r:i::;:dTrdS:"^ 
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initial burst phase of drug release may be due to diffusion of drug ftom the 
superficial region of the microspheres (close to the microsphere surface). 

The mechanism of drug release from nondegradable polymeric 
matrices such as EVA is thought to involve the diffusion of water through the 
5 dispersed drug phase within the polymer, dissolution of the drug and diffusion of 
solute through a series of interconnecting, fluid filled pores. Blends of EVA and 
PLA have been shown to be immiscible or bicontinuous over a range of 30 to 
70% EVA in PLA In degradation smdies in PBS buffer at 37-C, following an 
induction or lag period. PLA hydrolytically degraded and eroded from the 
10 EVA:PLA polymer blend matrix leaving an inactive sponge-Iike skeleton. 
Although the induction period and rate of PLA degradation and erosion from 
the blended matrices depended on the proportion of PLA in the matrix and on 
process histoiy. there is consistently little or no loss of PLA until after 40-50 
days. 

' Although some erosion of PLA from the 50:50 EVA-PLA 
microspheres may have occurred within the 50 days of the in vitro release rate 
study (Figure 15C), it is likely that the primary mechanism of drug release from 
the polymer blend is diffusion of solute through a pore network in the polymer 
matrix. . . *' J- 


20 


25 


At the conclusion of the release rate study, the microspheres are 
analyzed from the amoum of drug remaining. The values for the percem of 
taxol remaining in the 50 day incubation microsphere samples are 94% +/. 9% 
and 89% +/- 12% for "large" and "smaU" size fraction microspheres 
respectively. 

Microspheres loaded with 6mg per mg of polymer (0.6%) 
provided extensive inhibition of angiogenesis when placed on the CAM of the 
embryonic chick (Figures 15E and 15F). 


EXAMPLE 17 

Taxol Encapsulation IN Poly(e-caprolacton'e) Microspheres. iNHiamoNOF 
Angiogenesis onthe CAM Assay by Taxol-Loaded Microspheres 

This example evaluates the in vitro release rate profile of taxol 
35 from biodegradable microspheres of poly(e-caprolactone) and demonstrates the 
anu-angiogenic activity of taxol released from these microspheres when nlaced 
on the CAM. h 
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Reagents which were utilized in these experiments include: 
poly(e-caprolaaone) (TCL") (molecular weight 35,000 - 45,000; purchased from 
Polysciences (Warrington, PA)); dichloromethane ("DCM") from Fisher 
Sdemific Co., Canada; polyvinyl alcohol (PVP) (molecular weight 12,00 - 
18,000, 99% hydrolysed) from Aldrich Cherajcal Co. (Milwaukee, Ayis.), and 
taxol from Sigma Chemical Co. (St- Louis, MO). Unless otherwise stated all 
chemicals and reagents are used as supplied. Distilled water is used throughouL 

A. . Preparati on of microsphere?; 


Microspheres arc prepared essentially as described in Example 8 
utilizing the solvent evaporation method. Briefly, 5%w/w taxol loaded 
microspheres are prepared by dissolving 10 mg of taxol and 190 mg of PCL in 2 
ml of DCM, adding to 100 ml of 1% PVP aqueous solution and stirring at 1000 

15 r.p.m. at 25''C for 2 hours. The suspension of microspheres is cemrifuged at 1000 
X g for 10 minutes (Beckman GPR), the supernatant removed and the 
microspheres washed three times with water. The washed microspheres are air- 
dried overnight and stored at room temperamre. Control microspheres (taxol 
absent) are prepared as described above. Microspheres containing 1% and 2% 

20 taxol are also prepared. Microspheres are sized using an optical microscope with 
a stage micrometer. 


B. Encapsulation efficigncy 


A known weight of drug-loaded microspheres (about 5 mg) is 
dissolved in 8 ml of acetonitrile and 2 ml distilled water is added to precipitate 
the polymer. The mucture is centrifuged at 1000 g for 10 minutes and the 
amount of taxol encapsulated is calculated from the absorbance of the 
supernatant measured in a UV spearophotometer (Hewlett-Packard 8452A 
30 Diode Array Spectrophotometer) at 232 nm. 

C. Drug relen^g sniHi^*^ 

About 10 mg of taxoMoaded microspheres are suspended in 20 ml 
35 of 10 mM phosphate buffered saline, pH 7.4 (PBS) in screw-capped tubes. The 
tubes are tumbled end-over-end at 3TC and at given time intervals 195 ml of 
supernatant is removed (after allowing the microspheres to settle at the 
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bottom). fDtered through a 0.45 mm membrane filter and retained for taxol 
analysis. An equal volume of PBS is replaced in each tube to maintain sink 
conditions throughout the smdy. The filtrates are extraaed with 3 x 1 ml DCM. 
the DCM extracts evaporated to dryness under a stream of nitrogen, redissolved 
5 in 1 ml acetonitrile and amUyzed by HPLC using a mobile phase of 
watenmethanohacetonitrile (37:5:58) at a flow rate of 1ml min*! (Beckman 
Isocratic Pump), a C8 reverse phase column (Beckman). and UV detection 
(Shimadzu SPD A) at 232 nm. 

^® D. CAM..;ti.ri.Vc 

Fertilized, domestic chick embiyos are incubated for 4 days prior 
to shell-less culmring. On day 6 of incubadon. 1 mg aliquots of 5% taxoHoaded 
or control (taxol-free) microspheres are placed direaly on the CAM suifece 
After a 2-day exposure the vasculature is examined using a stereomicroscope 
mterfaced with a video camera; the video signals are then displayed on a 
computer and video printed. 


15 


20 


^ Scanning electron piicrnscnpy 

Microspheres are placed on sample holders, sputter-coated with 
TlSW * Microscope operating 

25 F. EssullS 

The size range for die microsphere samples is between 30 - 100 
mm, although there is evidence in all taxoHoaded or control microsphere 
batches of some microspheres falling outside this range. The efficiency of 
oadmg PCL microspheres with taxol is always greater than 95% for all drue 
loadings studied. Scanning electron microscopy demonstrated that the 
microspheres are all spherical and many showed a rough or pitted surface 
morphology. There appeared to be no evidence of solid drug on the surface of 
the microspheres. 

The time courses of taxol release from 1%, 2% and 5% loaded 
PCL microspheres are shown in Figure 16A. The release rate profiles are bi- 
phasic There is an initial rapid release of taxol or "burst phase" at all drug 
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30 


35 


loadings. The burst phase occurred over 1-2 days at 1% and 2% taxol loading 
and over 3-4 days for 5% loaded microspheres. The initial phase of rapid 
release is followed a phase of significantly slower drug release For 
microspheres containing 1% or 2% taxol there is no funher drug release after 
21 days. At 5% taxol loading, the microspheres had released about 20% of the 
total drug content after 21 days. 

Figure 16B shows CAMs treated with bbntrol PCL microspheres 
and Figure 16C shows treatment with 5% taxol loaded microspheres. The CAM 
with the control microspheres shows a nomal capillary network architecture 
The CAM treated with taxol-PCL microspheres shows marked vascular* 
regression and zones which are devoid of a capillary network. 

G. DiscuMinn 

The solvent evaporation method of manufaauring taxoMoaded 
imcrospheres produced very high taxol encapsulation efficiencies of between 95- 
100%. This is due to the poor water solubility of taxol and its hydrophobic 
^tyl^er^^''*'"""^ partitioning in the organic solvent phase containing the 

The biphasic release profile for taxol is typical of the release 
pattern for many drugs from biodegradable polymer matrices. Poly(e- 
caprolactone) is an aliphatic polyester -which can be degraded by hydrolysis 
under physiological conditions and it is non-toxic and tissue compatible n,e 
degradation of PCL is significantly slower than that of the extensively 
investigated polymers and copolymers of lactic and glycolic acids and is 
tiierefore suitable for the design of long-term drug delivery systems. Tlie initial 
i^id or burst phase of taxol release is tiiought to be due to diffusional release 
of the drug from the superficial region of the microspheres (close to the ' 
microsphere surface). Release of taxol in the second (slower) phase of the 
release profiles is not likely due to degradation or erosion of PCL because 
studies have shown that under in uitro conditions in water there is no significant 
weight loss or surface erosion of PCL over a 7J-week period. n,e slower phase 
of taxol release is probably due to dissolution of the drug within fluid-filled 
pores in the polymer matrix and diffusion through the pores. The greater 
release rate at higher taxol loading is probably a result of a more extensive oore 
network within the polymer matruc. 
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Taxol microspheres with 5% loading have been shown to release 
sufBcient drug lo produce extensive inhibition of angiogenesis when placed on 
the CAM. The inhibition of blood vessel growth resulted in an avascular zone as 
shown in Figure 16C 


EXAMPLF 1^ 

Taxol-Loaded Polymeric Films Composed of EiMYtENE ViNVLAcerATC and a 
s Surfactant 


10 


15 


Two types of films are prepared esentially as described in 
Example 10: pure EVA films loaded with taxol and EVA/surfactant blend films 
(Le., Pluromc F127. Span 80 and Pluronic LlOl) loaded with taxoL 

The surfactants being examined are two hydrophobic surfactants 
(Span 80 and Pluronic LlOl) and one hydrophilic surfactant (Pluronic F127) 
The pluromc surfactants are themselves polymers, which is an attractive 
property since they can be blended with EVA to optimize various drug deUveiy 
properties. Span 80 is a smaller molecule which is in some mamier dispersed in 
the polymer matrix, and does not form a blend. 

Surfactants will be useful in modulating the release rates of taxol 
from fihns and optimizing certain physical parameters of the films. One aspect 
of the surfactant blend films which indicates that drug release rates can be 
controlled ,s the ability to va^r the rate and extent to which the compound will 
swell m water. Diffusion of water into a polymer^rug matrix is critical to the 
25 release of drug from the carrier. Figures 17C and I7D show the degree of 
swelling of the films as the level of surfaaant in the blend is altered. Pure EVA 
, films do not sweU to any significant extent in over 2 momhs. However by 
, mcreasmg the level of surfactam added to the EVA it is possible to increase'the 
degree of swelling of the compound, and by increasing hydrophilidty swelling 
jO can also be increased. 

Results of experiments with these films are shown below in 
Figures 17A-E. Briefly. Figure 17A shows taxol release (in mg) over time from 
pure EVA films. Figure 17B shows the percemage of drug remaining for the 
same films. As can be seen from these two figures, as taxol loading increases 
35 (Le. percentage of taxol by weight is increased), drug release rates increase 
showing the expected concentration dependence. As taxol loading is increased,' 
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the percent taxol remaining in the film also increases, indicating that Wh 
loadrngmaybemoreattractiveforlong-tennreleasefor^ulatior ' 

17E Brieflv ^j!'''"''''!'''''^ ""^ "'^^'"^ °f ^ assessed in Figure 

5 ^ J: stress/strain curves for pure EVA and 

f^rifffl'"^- '^^-^^-^--^-ssLonsn^.rr^^^ 
clasnaty of films is mcreased with the addition of Pluronic F177 anH , T 
tensile strength (stress on breaking) is increased in ^Z^It^oTlT. 
manner with the addinon of Pluronic F127. EJd™stren^ 

The above data demonstrates the ability of certain \nrf 


15 


EXAMPT F izi 
Incorporating MBmoxYPOLyBiHYi£NE Glycol350 rM,.PPn\ 

FROM A Paste 

Reagents and equipment which were hKIiV^h • 
Carbide, Danbury CD M^PPn i:« Mcrto - Umon 

iici-co. and then incorporating this into melterf pt-i 
advantage with this method is that no DCM is required 

w , ^''^ ""^'''"^ P"'"^ °f PCL/MePEG polymer blenA 

determined bv differenrinl . • poiymer blends may be 

"V auierential scanning calonmeiry from ■^O'C 10 ynr «. u . 

- or .^c p„ K«.. Of ..s «p^„e« .Tsh!:: -^r^^rs 
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and 18B. Briefly, as shown in Figure 18A the melting point of the polymer 
blend (as determined by thermal analysis) is decreased by MePEG in a 
concentration dependem manner. ITie melting poim of the polymer blends as a 
fimcuon of MePEG concentration is shown in Figure 18A. This lower melting 
5 pomt also translates into an increased time for the polymer blends to solidi^ 
' from melt as shown in Figure 18B, A 30:70 blend of MePEG:PCL takes more 
than twice as long to solidify from the fluid inelt than does PCL alone. 

Measurem ent of hrif(lpp«.cc 

10 

hnni ^<=PEG into PCL appears to produce a less 

bnttle sohd. as compared to PCL alone. As a "rough" way of quantitating this a 
weighted needle is dropped from an equal height into polymer bieMs 
a,ntammg from 0% to 30% MePEG in PC^ and the distance .haTtle n^e^e 

^'mTcT *'"""''*"'"^"""'- ^^^-•^"gi-P^- Shown as 
i-igure 18C. Pomts are given as the average of four measurements +/. l S.D 

For purposes of comparison, a sample of paraffin wax is also 
tested and the needle penetrated into this a distance of 7.25 mm +/- Oj mm. 


20 


25 


^- Measuremf int of taxnl r^lff a.;^» 

M.PPr'^ containing 0%, 5%, 10% or 20% 

MePEG) are mcubated in phosphate buffered saline (PBS. pH 7.4) at 37-C. and 
% change m polymer weight is measured over time. As can be seen in Figure 
18D. the amount of weight lost increases with the concentration of MePEG 
origmally present in the blend. It is hkely that this weight loss is due to the 
release of MePEG from the polymer matrix into the incubating fluid. This 
would mdicate that taxol will readily be released from a MePEG/PCL blend 
smce taxol is first dissolved in MePEG before incorporauon into PCL 

^ Effect nf vnrving quantities of MePFr. -^1^^-^ 

M.ppr- • „?'^""°P^»« "ade up containing between 0.8% and 20% 
MePEG m PCL. These are loaded with 1% taxol. The release of taxol over 
ume from 10 mg pellets in PBS buffer at 37"C is monitored using HPLC As is 
shown in Figure 18E. the amount of MePEG in the formulation does not affea 
the amount of taxol that is released. 


30 


wo 95/03036 


PCT/CA94/00373 


72 


Effect of vaiving Quantities oiF taxn! nn the tnta! ^^rr^^ yr^t 
taxol released from a 20% iVfePEG/PrT hj^p^ 

5 Thermopastes are made up containing 20% MePEG in PCL and 

loaded with between 0.2% and 10% taxoL The release of taxol over time is 
measured as described above. As shown in Figure 18F. the amount of taxol 
released over time increases with increased taxol loading. When plotted as the 
percent total taxol released, however, the order is reversed (Figure 18G). This 
10 gives information about the residual taxol remaining in the paste and, if 
assumptions are made about the validity of extrapolating this data, allows for a 
projection of the period of time over which taxol will be released from the 20% 
MePEG Thenrnopaste. 

^ G. Strength analysis of vario us MePEH/PCL hl^nHc 

A CT-40 medianical strength tester is used to measure the 
strength of solid polymer "tablets" of diameter 0.88 cm and an average thickness 
of 0.560 cm. The polymer tablets arc blends of MePEG at concentrations of 
20 . 0%, 5%. 10% or 20% in PCL 

Results of this test are shown in Figure 18H, where both the 
tensile strength and the time to failure are plotted as a function of %MePEG in 
the blend. Single variable ANOVA indicated that the tablet thicknesses within 
each group are not different. As can be seen from Figure 18H, the addition of 
25 MePEGinioPCLdecreased the hardness of the resulting solid. 


^ EXAMPLE 15 
Effeci* of Taxol-Loaded Thermopaste on 
Angiogenesis In Vtvo 

Fertilized, domestic chick embryos were incubated for 4 days 
prior to shell-less culturing as described in Example 2. The egg contents are 
removed from the shell and emptied into round-bottom sterilized glass bowls 
35 and covered with petri dish covers. 

Taxol is incorporated into thermopaste at concentrations of 5% 
10%, and 20% (w/v) essentially as described above (see Example 10), and used 
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in the following experiments. Dried cut thermopaste is then heated to 60"C and 
pressed between two sheets of parafilm. flattening it, and allowing it to cool. Six 
embiyos received 20% taxol-Ioaded thermopaste and 6 embiyos received 
unloaded thermopaste prepared in this manner. One embryo died in each 
' 5 group leaving 5 embryos in each of the control and treated groups. 

Unloaded thermopaste and thermopaste containing 20% taxol 
was also heated to 60°C and placed directly on the growing edge of each CAM 
at day 6 of incubation; two embiyos each were treated in this maimer. 

There was no observable difference in the results obtained using 
10 the different methods of administration, indicating that the temperature of the 
paste at the time of application was not a factor in the outcome 

thermopaste with 10% taxol was applied to 11 CAMs and 
unloaded thermopaste was applied to an additional 11 CAMs, while 5% taxol- 
loaded thermopaste was applied to 10 CAMs and unloaded thermopaste was 
appUed to 10 other control CAMs. After a 2 day exposure (day 8 of incubation) 
the vasculature was examined with the aid of a siereomicroscope. liposyn n, a 
white opaque solution, was injected into the CAM to increase the visibility of 
the vascular details. 

In the embiyos treated with 5% taxol-loaded paste, only 2 animals, 
demonstrated maximum inhibition of angiogeiiesis, while the remaining 8 were 
only marginally affeaed. Of the animals n-eated with 10% taxol-loaded 
thermopaste only 2 showed maximal inhibition while the other 9 were only 
marginally affected: 

The 20% taxol-loaded thermopaste showed extensive areas of 
25 avascularity (see Figure 19B) in all 5 of the CAMs receiving this treatment The 
highest degree of inhibition was defined as a region of avascularity covering 6 
mm by 6 mm in size. All of the CAMs treated with 20% taxol-loaded 
thermopaste displayed this degree of angiogenesis inhibition. 

By comparison, the control (unloaded) thermopaste did not 
30 inhibit angiogeiiesis on the CAM (see Figure 19A); this higher magnification 
view (note that the edge of the paste is seen at the top of the image) 
demonstrates that the vessels ' adjacent to the paste are unaffected by the 
thermopaste. This suggests that the effect observed is due to the sustained 
release of taxol and is not due to the polymer itself or due to a secondary 
35 pressure effect of the paste on the developing vasculamre. 
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This study demonstrates that ihermopasie releases sufficient 
quantities of angiogenesis inhibitor (in this case taxol) to inhibit the normal 
development of the CAM vasculature. 


EXAMPT F 

Effect of Taxol-Loaoeo thermopaste on Tumor 
Growth and Tumor Angiogenesis //v Vjuo 
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Fertilized domestic chick embryos are incubated for 3 days prior 
to having their shells removed. The egg contents are emptied by removing the 
shell located around the airspace, severing the interior shell membrane 
perforating the opposite end of the shell arid allowing the egg contents to gently 
slide out from the blumed end. The coments are emptied into round-bottom 
sterilized glass bowls, covered with petri dish covers and incubated at 90% 
relative humidity and 3% carbon dioxide (see Example 2). 

MDAY-D2 cells (a murine lymphoid tumor) is injected into mice 
and allowed to grow into tumors weighing OJ-1.0 g. The mice are sacrificed the 
tumor sites wiped with alcohol, excised, placed in sterile tissue culture midia. 
and diced into 1 mm pieces under a laminar flow hood. Prior to placing the 
dissected tumors onto the 9-day old chicK embryos. CAM surfaces are gently 
scraped with a 30 gauge needle to insure tumor implantation. The tumors are 
then placed on the CAMs after 8 days of incubation (4 days after deshelling) 
and allowed to grow on the CAM for four days to establish a vascular supply' 
Four embryos are prepared utilizing this method, each embryo receiving 3 
tumors. For these embiyos, one tumor receives 20% taxoMoaded thermopaste 
the second tumor unloaded thermopaste. and the third tumor no treatment 
The treatments are continued for two days before the results were recorded. 

The explanted MDAY-D2 tumors secrete angiogenic faaois 
which mduce the ingrowth of capillaries (derived from the CAM) into the tumor 
mass and allow It to continue to grow in size. Since all the vessels of the tumor 
are derived from the CAH while all the tumor cells are derived from the 
explant. it is possible to assess the effea of therapeutic interventions on these 
two processes independently. This assay has been used to determine the 
effectiveness of taxol-loaded thermopaste on: (a) inhibiting the vascularization 
of the tumor and (b) inhibiting the growth of the tumor cells themselves. 
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.V. • • ^ stereomicroscopic evaluation and histological 

exanunauon of fixed tissues from this study demonstrated the following fa^ 

TT "'"^ ^'"^ thennopaste. there was a reduction in 1 

n^ber of the blood vesse. which supplied the tumor (see Figures 20C 

r!^L " ""^''^ °' blood vessels within the tumor, and a 

w^chTn" n T'" " Periphexy of the tumor (the area 

which IS o^ically the most highly vascularized in a soHd tumor) when compared 
to control tumors. Hie n^mors began to decrease in size Jmass d.Z^ 

10 ^re ' ^'^^'^--"y' endothelial cells 

Illkr I A " ^'^dothelial cell 

r^^r^r 4 ft ^"^^ ^^^^ ^^^^ ^^^'--'^ — <^ 

oarr?s ' ^ pattern with the 20% taxol- 

loaded thermopasie suppressing tumor vascularity while the unload*rt 
thermopaste had no effect unloaded 

^ tumnr, <^AMs treated with unloaded thermopaste. the 

vessek when compared to that of the nbmial surrounding tissue ^d 
dr^ancally more vessels than were observed in the tumors treared tax"- 

20 ~e spolces attached to the center of a wheel (see Figures 20rS 

ITrl' ^° '"-ease in size and mass during the 

we e seen m ^e penphexy of the tumor and few endothelial were seen to be in 
^ celld,v.,on. -n^e tumor tissue was well vascularized and viable throughout 

, • ^ ^" example, in two similarly-sized (initially, at the time of 
e^lantauon) tumors placed on the same CAM the following data was ob^d 

f °0 Im X '''' ^"^""^P-- *e tumor meS 

wh , T """'ediate periphery of the tumor has 14 blood vessels. 

0 unloaded thermopaste the tumor size was 623 mm x 678 mm; the immed^te 

. smaU blood vessels. In addition, the surrounding CAM itself contained ma^y 
.more^ blood vessels as compared tp the area surrounding the taxol-trea'd 

This study demonstrates that thermopaste releases sufficient 
quantu.es of angiogenesis inhibitor (in this case taxol) to inhibit the pat ^o"^ 
ang,ogenes.s wh.ch accompanies tumor growth and development. UnderX^ 
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conditions angiogenesis is maximally stimulated by the tumor cells which 
produce angiogenic factors capable of inducing the ingrowth of capillaries from 
the surrounding tissue into the tumor mass. TTie 20% taxol-loaded thermopaste 
IS capable of blocking this process and limiting the ability of the tumor tissue to 
mamtain an adequate blood supply. Tliis results in a decrease in the tumor 
mass both through a cytotoxic effect of the drug on the tumor cells themselves 
and by depriving the tissue of the nutrients required for growth and expansion 
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EXAlVfPLE 17 

EFFECrOFANGIOOENESIsLNHmiTOR.LOADEDTHElU«OPASrEONTuMORGRbW^ 

IN A Murine Tumor Model 

The murine MDAY.D2 tumor model may be used to examiiie the 
effect of local slow release of the chemotherapeutic and anti-angioeenic 
conqjounds such as taxol on tumor growth, tumor metastasis, and a4nal 
survnral. The MDAY.D2 tumor cell line is grown in a cell suspension 
consisting of 5% Fetal Calf Serum in alpha mem media. TTie cells a« Zibated 
at 3TC m a humidified amiosphere supplemented with 5% carbon dioxide, a^d 
are diluted by a factor of 15 eveo^ 3 days until a sufficiem number of cells are 
obtamed.. Following the incubation period the cells afe examined by hW 

Sri'ITf ""^ 5 minute. 

fas IS added to the cells to achieve a dilution of 1.000,000 cells per ml 

Ten week old DBA/2j female mice are acclimatized for 3^ days 
after amval. Each mouse is then injected subcutaneously in the postetiolateral 
flank with 100.000 MDAY-D2 cells in 100 ml of PBS. Previou^ studies W 
shown that this procedure produces a visible tumor at the injection site in 3^ 

tZ' iT^? ^ °' ^ " '"^^ ^••''^ "^^tases in the 

uver 19-25 days post-injeaion. Depending upon the objective of the smdy a 

Se*""' '■'"'""'^^ P™'"^ *e progression of the 

MDA V r., If""^ ^° "''"^ with 140,000 

MDAY-D2 cells s.c. and the tumors allowed to grow. On day 5 the mice are 
divided into groups of 5. The tumor site was surgically opened under 
anesihesm. the local region treated with the drug-loaded thermopaste or control 
thermopaste without disturbing the existing tumor tissue, and the wound was 
Closed. The groups of 5 received either no treatment (wound merely closed) 
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polymer (PCL) alone, 10% taxol-loaded thermopaste, or 20% taAol-Ioaded 
thennopaste (only 4 animals injeaed) implanted adjacent to the tumor site. On 
day 16. the mice were sacrificed, the mmors were dissected and dcammed 
(grossly and histologically) for njmor growth, tumor metastasis, local and 
systemic toxicity resulting from the treatment. .;fect on wound healing, effect V a 
tumor vascularity, and condition of the paste remaining at the incision^site. 

The weights of the tumors for each animal is shown in the table 

below: 


10 
15 


20 


25 


Table IV 
Tumor Weights (gm) 


Animal No. 

1 
2 
3 

4 ■ 
5 

Mean 

Std. Deviation 
P Value 


Control 

Control 

10% Taxol 

20% Taxol 

(empty) 

(PCL) 

Thermopaste 

Thermopaste 

1387 

1.137 

0.487 

0.114 

0,589 

0.763 

0389 

0.192 

0.461 

0.525 

0.447 

0.071 

0.606 

0.282 

0.274 . 

0.042 

0353 

0.277 

0362 


0.(5808 

0.6040 

0.4318 

0.1048 

0^4078 

03761 

0.1202 

0.0653 


0.7647 

0358 

0.036 


30.; 


Thermopaste loaded with 20% taxol reduced tumor growth by over 85% 
(average weight 0.105) as compared to control animals (average weight 0.681). 
Animals treated with thermopaste alone or thermopaste containing 10% taxol 
had only modest effects on tumor growth; tumor weights were reduced by only 
10% and 35% respectively (Figure 21A). Therefore, thermopaste containing 
20% taxol was inore effective in reducing tumor growth than thermopaste 
contaimng 10% taxol (see iFigure 21Q see also Figure 21B). 

''^'^'■"'opaste was detected in some of the animals at the site of 
35 admimstration. Polymer varying in weight between 0.026 g to 0.078 g was 
- detected in 8 of 15 mice. Every animal in the group containing 20% taxol- 
loaded thermopaste contained some residual polymer suggesting that it was less 
susceptible to dissolution. Histologically, the tumors treated with taxol-loaded 
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mZT """T ''""'"''^ "^^^ ^^'^ control 

tumors. n,e vasculature was reduced and endothelial cells were frequently seen 

^be arrested in cell division. Tl,e taxoMoaded ther^opaste did nbt app'ei ^ 

^ect the mtegniy or cellularity of the skin or tissues surrounding the tumor 

Grossly, wound healing was unaffected. ««nor. 


EXAMPTP^g 

Th^ Use of ANo,ooE.NEs,s-LvH,BrTOR Locoed Surccal F.um., .n Prevemi^on of 

Surgery 

be useful d^r "^ ' ^^^"^"^^'^ d^g-Po'yn'er compound would 

be usefiil during cancer resection procedures. Often it is desirable to isolate the 
15 nor^a surrounding tissues from malignant tissue during resection ope" 

preven natrogemc spread of the disease to adjacent organs through Ldvenent 
contam^natton by cancer cells. A drug-loaded parafilm could be st^^ed 
usi: f"" - or the tumor. T.is would" 

20 cancer reseaion surge^^ to prevent intraperitoneal spread of the disease to Te 
aver. A biodegradable film could be left insiru to proWde continue^plo^Ln. 

Inosron sites are also a common location of post-operative 
recurrence of malignancy. This is thought to be due to contamL" on oTZ 
wound sue with tumor cells during the surgical procedure. To add7.lt 

inhibitor-loaded films to prevent this phenomenon. ^ffogenesis 

A. Maten'nk and MefhoHc 

Examp e 10. Th.n films measuring approximately 1 cm x 1 on are nret,arJ 
containing either polymer alone (PCL) or PCL loaded with 5%Zol ^ 

Rat Hepatic Tumor Model. In an initial study Wistar rats we.aV 
35 approximately 300 g unde^ent genera, anesthesia and . Z ZZT^Z 

made ,n the hepatic parenchyma and pan of the liver edge is resected A 
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concentration Of 1 mfllion live 9L Glioma tumor cells (eluted from tissue culture 
umnediately prior tp the procedure) suspended in 100 ml of phosphate buffered 
salme are deposited onto the cut liver edge with a 30 gauge needle The 
surg,,^ is then placed over the cut liver edge containing the tumor cells and 
afBxed m place with Gelfoam. Two animals received PCL fflms containing 5% 
taxol and two animals received films containing PCL alone. ITie abdominal waU 
IS Closed with 3.0 Dexon and skin dips. Hie general anesthetic is terminated 
and the ammal is allowed to recover. Ten days later the animals are sacrificed 
and the hvers examined histologically. 


15 


20 


» u in tJ** 2 liven: treated with poi^^^^ 

alone. Both hvers treated with polymer plus taxol are completely free of tum«,r 
when exatnined histologically. Also of importance, the liver capsule had 
regenenited and grown completely over the polymeric film and the cut surface 
of the hver indicating that there is no significant effect on wdiind healing 
THerejs no evidence of local hepatic toxicity surrounding any (drug-loaded or' 
drug-free) of the surgical films. e «aaea or 


C. Discussinn 


30 


35 


tissues .nH • P'^^'^ normal 

tuques and mcision sues durii^g surgery, may be capable of decreasing the 

incidence of accidental implantation of tumor cells into normal surrounding 

as ue dunng resection of malignant tumors. TT-.s may help reduce the incidence 

Of thesigmficant problem of post-operative local recurrence of the disease. 

EXAMPTF 1Q 

W-ARTlCLl^R LVUEC710.N0F ANC.OGe^.«-lN«, B,ODECRAI>ABLE 

Microspheres iNTHE Treatment OF ARTHRms "^°'«adable 

Articular damage in arthritis is due to a combination of 
n^ammation (including WBCs and WBC product.) and pannus tissue 
development (a tissue composed on neovascular tissue, connective tissue and 
mflammaton, cells). Ta.xoI has been chosen for the initial studies because h is a 
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potent inhibitor of neovascularizanon. In this manner, taxol in high local 
concentrations will prove to be a disease modifying agent in anhritis. 

In order to determine whether microspheres have a deleterious 
effect on jomts, the following experiments are conducted. Briefly, plain PCL 
5 and taxc^loaded microspheres are prepared as described previously in Example 

Three rabbits are injected intra-articulariy with 03-5.0 tan. 10-30 
Wn. or 30-80 ;,m microspheres in a total volume of 0^ mis (containing 03 mg of 

Afte two weeks the animals are sacrificed and the joints examined 
lustolog^cally for evidence of inflammation and depletion of protedglycaL 

TTie rabbit inflammatoiy arthritis and osteoarthritis models are 
^ng used to evaluate the use of microspheres in reducing .y„ovhL and 
cartdage degradation. Degenerative arthritis is induced by a p^rtea^ of t^e 
15 cmaate hgament and meniscus of the knee. After 4 to 6 WeekTthe ™hk . 
develop erosions in the canilage similar to that obsred' fn .t^^ 
osteoarthnt.. Inflammato^ arthritis is induced by immunizing rabbi^^" 
bovme serum albumen (BSA) in Complete Freund's Adjuvem (CFA) 3 
weelc^ rabbits containing a high uter of anti-BSA antibody receivl anl^' 
20 aruajlar mjection of BSA (5 mg). Joim swelling and pronounced ^vSs^ 
a^aren by seven days, a proteoglycan depletion is observed by 7 t"ys 
and cartdage erosions are observed by 4 to 6 weeks. y ' 1^ days, 

H«vc ,u ■ • is induced as described above. After 4 

daj^, the jomts are injected with microspheres containing 5% taxol or vehicle 
25 One group of ammals wil, be sacrificed on day 14 and another on day 28 

J^nts are examined histologically for inflammation and cartilage degradau^. 
The expenment .s designed to determine if taxol microspheres can a^e« W 
mflammation and cartilage matrw degradation. ^ 
Angiogenesis-inhibitor microspheres mav be further examin^H 

descnbed abov.,. and .he joinu „«iv. an tam-ardoda. Z 

.a,n„a-a„jr^:;rrirpri^^^^ 
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Unloaded PCL microspheres of differing sizes (0^-S.O /xm, 10-30 
/cm, or 30-80 fim) were injected intra-articularly into the rabbit knee joint. 
5 Results of these experiments are shown in Figures 22A to D. Briefly, Figure 
22A is a photograph of synovium from PBS injeaed joints. Figure 22B is a 
photograph of joints injected with microspheres. Figure 22C is a photograph of 
cartilage from joints injeaed with PBS, and Figure 22D is a photograph of 
cartilage from joints injected with microspheres. 

10 As can be seen from these photographs, histologically, there is no 

difference between joints receiving a microsphere injection and those which did 

"^"^ not. Clinically, there was no evidence of joint inflammation during the 14 days 
the experiment was conducted. Grossly, there is no evidence of joint 
inflammation or cartilage damage in joints where microspheres are injected, as 

15 compared to untreated normal joints. 

Conclusipng 

Microspheres can be injected intra-articularly without causing any 
20 discernible changes to the joint surface. This indicates that this method may be 
an effective means of delivering a targeted, sustained-release of disease- 
modifying agents to diseased joints, while minimizing the toxicity which could be 
associated with the systemic administration of such . biologically active 
compounds. 

25 As discussed above, microspheres can be formulated into specific 

sizes with defined drug release kinetics. It has also been demonstrated that 
taxol is a potent inhibitor of angiogenesis and that it is released from 
microspheres in quantities sufficient to block neovascularization on the CAM 
assay. Therefore, intra-articular administration of angiogenesis-inhibitor-loaded 

30 (e.g., taxol-loaded) microspheres should be capable of blocking the 
neovascularization that occurs in diseases such as rheumatoid arthritis and leads 
to canilage destruction in the joint. In this manner the drug-loaded 
microspheres can act as a "chondroproiective" agent which protects the cartilage 
from irreversible destruction from invading neovascular pannus tissue. 

35 

From the foregoing, it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of 
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illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as 
by the appended claims. 


SUBSTITUTE SHEET (RULE 26) 
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Cys Asp Pro Gly Tyr He Gly Ser Arg 
1 5 
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Claims 

1. A composition, comprising: 

(a) an anti-angiogenic factor; and 

(b) a polymeric carrier. 

2. The composition of claim 1 wherein said anti-angiogenic &ctor 
is Anti-Invasive Faaor. 

3. The composition of claim 1 wherein said anti-angiogehic factor 
is retinoic acid and derivatives thereof. 

4. The composition of claim 1 wherein said anti-angiogenic factor 
is selected from the group consisting of Suramin, Tissue Inhibitor of 
Metalloproieinase-1, Tissue Inhibitor of Metalloproteinase-2, Plasminogen Activator 
Inhibitor-1 and Plasminogen Activator Inhibitor-2. 

5. A composition, comprising: 

(a) taxol; and 

(b) a polymeric carrier. 

6. The composition according to any one of claims 1 to 5 wherein 
said composition is formed into microspheres having an average size of between 0.1 
and 200 fiuL 

7. The composition according to any one of claims 1 to 5 wherein 
said composition is formed into a film with a thickness of between 100 pLia and 2 mm 

8. The composition according to any one of claims 1 to 5 wherein 
said composition is liquid above 45''C and solid or semi-solid at 3T*C 

9. The composition according to any one of claim 1 to 5 wherein 
said polymeric carrier is poly(ethyiene-vinyl acetate) crosslinked with 40% vinyl 
acetate. 


10. The composition according to any one of claim 1 to 5 wherein 
said polymeric carrier is poly(lactic-co-glycolic acid). 
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11. The composition according to any one of claim 1 to 5 wherein 
said polymeric carrier is polycaprolactone. 

12. The composition according to any one of claim 1 to 5 wherein 
said polymeric carrier is polylactic acid. 

13. The composition according to any one of claim 1 to 5 wherein 
said polymeric carrier is a copolymer of poly(ethylene-vinyl acetate) crosslinked with 
40% vinyl acetate, and polylactic acid. 

14. The composition according to any one of claim 1 to 5 wherein 
said polymeric carrier is a copolymer of polylactic acid and polycaprolactone. 

15. A method for embolizing a blood vessel, comprising delivering 
into said vesisel a therapeutically effective amount of composition according to any 
one of claims 1-14, such that said blood vessel is effectively occluded. 


16. The method claim 13 wherein said blood vessel nourishes a 


tumor. 


17. A stent, comprising a generally tubular structure, the surface of 
which is coated with a composition according to any one of claims 1-14. 

18. A method for expanding the lumen of a body passageway, 
comprising inserting a stent into the passageway, the stent having a generally tubular 
structure, the surface of said structure being coated with a composition according to 
any one of claims 1-14, such that said passageway is expanded. 

19. A method for eliminating vascular obstructions, comprising 
insening a vascular stent into a vascular passageway, the stent having a generally 
tubular struaure, the surface of said structure being coated with a composition 
according to any one of claims 1-14, such that said vascular obstruction is eliminated. 

20. A method for eliminating biliary obstructions, comprising 
insening a biliary stent into a biliary passageway, the stent having a generally tubular 
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Structure, the surface of said structure being coated with a composition according to 
any one of claims 1-14, such that said biliary obstruction is eliminated. 

21. A method for eliminating urethral obstruaions, comprising 
inserting a urethral stem into a urethra, the stent having a generally tubular structure, 
the surface of said structure being coated with a composition according to any one of 
claims 1-14, such that said urethral obstruaion is eliminated. 

22. A method for eliminating esophageal obstruaions, comprising 
inserting an esophageal stent into an esophagus, the stent having a generally tubular 
structure, the surface of said struaure being coated with a composition according to 
any one of claims 1-14, such that said esophageal obstruaion is eliminated. 

23. A method for eliminating tracheal/bronchial obstructions, 
comprising inserting a tracheal/bronchial stent into the trachea or bronchi, the stent 
having a generally tubular structure, the surface of which is coated with a composition 
according to any one of claims 1-14, such that said tracheal/bronchial obstruction is 
eliminated. 

24. A . method for .treating' a tumor excision site, comprising 
administering a compositibn according to any one of claims 1-14 to the resecrion 
margin of a mmor subsequent to excision, such that the local recurrence of cancer 
and the formation of new blood vessels at said site is inhibited. 

25. The method according to claim 24 wherein said anti-angiogenic 
composition is a thermopaste. 

26. The method according id claim 24 wherein the step of 
administering comprising spraying a composiuoh of nanoispheres comprised of an 
anti-angiogenic composition into the resection mairgin of the tumor. 

27. A method for treating corneal neovascularization, comprising 
administering a therapeutically effective amount of a composition according to any 
one of claims 1-14 to the cornea, such that the formation of blood vessels is inhibited. 

28. The method of claim 23 wherein said composition further 
comprises a topical conicosteroid. 
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29- A method for inhibiting angiogenesis in patients with non- 
tumorigenic, angiogenesis-dependent diseases, comprising administering a 
therapeutically effective amount of a composition comprising taxol to a patient with a 
non-tumorigenic angiogenesis-dependent disease, such that the formation of new 
blood vessels is inhibited, 

30. A method for embolizing a blood vessel in a non-tumorigenic, 
angiogenesis-dependent diseases, comprising deUvering to said vessel a 
therapeutically effective amount of a. composition comprising taxol, such that said 
blood vessel is effectively occluded 

r 

31. A method for expanding the lumen of a body passageway, 
comprising insening a stem into the passageway, the stent having a generally tubula^ 
structure, the surface of said strucmre being coated with a composition comprising 
taxol, such that said passageway is expanded. 

^2. A method for eliminating vascular obstructions, comprising 
inserting a vascular stent into a vascular passageway, the stent having a generally 
tubular structure, the surface of said strucmre being coated with a composition 
comprising taxol, such that said vascular obstrucrion is eliminated. 

33. A method for eliminating biliary obstructions, comprising 
inserting a bUiary stem into a biliary passageway, the stent having a generaUy tubular 
strucmre, the surface of said structure being coated with a composition comprising 
taxol, such that said biliary obstruaion is eliminated. 

34. A method for eliininating urethral obstructions, comprising 
inserting a urethral stent into a urethra, the stent having a generaUy mbular structure, 
the surface of said structure being coated with a composition comprising taxol, such 
that said urethral obstruction is eliminated. 

35. A method for eliminating esophageal obstructions, comprising 
inserting an esophageal stem into an esophagus, the stent having a generally mbular 
structure, the surface of said structure being coated with a composition comprising 
taxol, such that said esophageal obstruction is eliminated. 
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36. A method for eliminating tracheal/bronchial obstructions, 
comprising inserting a tracheal/bronchial stent into the trachea or bronchi, the stent 
having a generally nibular structure, the surface of said stiTii(cm being coated with a 
composition comprising taxol. such that said tracheal/bronchial obstruction is 
diminated. ' 

37. A method for treating a tumor excdsipn site, conprisii^ 
administering a composition comprising taxol to the resectibn margin of a tumor 
subsequent to cxdsion, such that the local recurrence of cancer and the for^ 

;newblood vessels at said site is inhibited. rt :!' ^ >: '\ ' ' > 

38. ; A method for treating corneal neovasculariziiion, comprising 
administering a therapeutically effective amount of a composition comprising laxol to 
the cornea, such that the formation of new vessels is inhibited. 

39. A pharmaceutical product, comprising: 

(a) taxol, in a container; and - . ; 

(b) a notice associated with;^id container in form presaibed 
by a governmental agency regulating the mahufaaure, ^ use. or sale of 
pharmaceuticals, which notice is reflective of approv^ by said agency of said taxol, 
for human or veterinary administration to treat non-t^morigenic angiogenesis- 
dependent diseases. 
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